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INTRODUCTION 


PURPOSE 


The Apollo Operations Handbook (AOH) is the primary means of documenting LM descrip- 
tions and procedures. The AOH is published in two separately bound volumes. This information 
is useful in support of program management, engineering, test, flight simulation, and real- 
time flight support efforts. 


DESCRIPTION 
Volume I describes the LM subsystems and equipment. 


Volume II contains crew operational procedures: normal, backup, abort, malfunction, 
and emergency. These procedures define the sequence of actions necessary for safe and effi- 
cient subsystem operation. The procedures are verified during vehicle and component testing 
and simulations. 


Normal procedures are used when all subsystems are operating properly. Backup proce- 
dures are used to accomplish the objectives of the normal procedures, when equipment failure 
or other anomaly prevents use of the normal procedures. Abort procedures cover crew activity 
for abort modes. Malfunction procedures provide symptoms, diagnoses, and corrective actions 
for subsystem malfunctions. Emergency procedures deal with situations that require immediate 
action to avoid or alleviate a hazardous condition. 


Changes to volume II will be submitted through MSC CF2. GAC changes will show justi- 
fication and authorization, and will be submitted to LM Crew Systems for approval. 


RESPONSIBLE CONTRACTOR ORGANIZATION 


At GAC, the single point of contact for the procedures in volume II of the AOH is the 
Head, LM Crew Systems Group, Systems Engineering Section, LM Project, Grumman Aerospace Cor- 
poration, Bethpage, N.Y. 11714. The LM Crew Systems Group is the central coordination and 
control agency in providing LM subsystems procedures for use by NASA in training flight crew- 
men and mission support personnel. The LM Crew Systems Group ensures that all data are 
current and technically correct. 
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FORMAT 


NORMAL/BACKUP PROCEDURES 


Normal/backup procedures are presented in the following sequence: basic modular oper- 
ational blocks, subgroups of functional tasks or subsystems, and numerical sequence within 
subgroups. The following paragraphs explain the tabular format. 


The "CREWMAN" column indicates which crewmember is assigned to perform the specific 
procedure. The following abbreviations are used in this column. 
CDR... . Commander 
CMP . . . . Command Module Pilot 
LMP . .. . Lunar Module Pilot 


The "PNL" column indicates the location of a particular control or display, by panel 
number or equipment designation. (See figure E-1 and E-2.) In addition to the panel numbers, 
the following equipment designations are used in this column. 

ACA... . attitude controller assembly 

ALSEP . . . Apollo lunar surface experiment package 
AOT . .. . alignment optical telescope 

ECS . .. . ECS module 

MESA .. . modularized equipment stowage assembly 
PGA... . pressure garment assembly 

PLSS .. . portable life support system 

RCU . .. . remote control unit 

TTCA .. . thrust/translation controller assembly 
UTL ... . utility light panel 

+Z27, =... 4227 bulkhead 


The "PROCEDURES" column contains groups of steps, or overall tasks, involved in per- 
forming a complete operation. 


The "REMARKS" column provides the constraints and rationale that support the opera- 
tional procedure. The scope of this information will increase as the procedures are refined 
through continued application by GAC and NASA during mission simulations and real-time mission 
operations. 


Controls and displays are identified by their respective placards. Lengthy placards 

have been shortened herein. The following abbreviations are used for controls and displays. 

caut lt ..... . caution annunciator 

CB......... d-c circuit breaker 

CB/AC ...... . a-c circuit breaker 

comp caut lt .. . . component caution light 

cont... ... . . continuous rotary control 

ind ....... . meter, gage, or digital display 

ind pwr fail 1t indicator power failure light 

pL ar a a ee light 

pb ....... . . pushbutton switch (except pushbutton/light) 

pb/lt .... .. . pushbutton/light 

sel. > . « detent rotary switch 

SW... 6 6 6 ee . toggle switch 

tb... ..... . talkback 

tw... «6 « « « « « thumbwheel control 

viv ....... . manually operated valve 

warn lt ... . . . warning annunciator 


NOTE 


MASTER ALARM - on (or off) indicates 
that both MASTER ALARM pb/lts and the 
audible tone are on (or off). 
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CONTINGENCY PROCEDURES 
Contingency procedures comprise abort, malfunction, and emergency procedures. 
Abort Procedures 


Abort procedures are not included at this time. They may be supplied by NASA at a 
later date. 


Malfunction Procedures 


Malfunction procedures enable recognition of subsystem malfunctions, determination of 
their cause, isolation and/or correction of the failure, and determination of the effect on 
the subsystem and the mission. The procedures cover all significant single failures. To pre- 
vent the procedures from becoming complex and unmanageable, double unrelated failures are not 
covered. The malfunction procedures are arranged by subsystem, or subsystem section (PGNS, 
AGS, CES, DPS, APS, etc), in a three-column format explained in the following paragraphs. 


The "SYMPTOM" column contains logic blocks that allow entry into the malfunction pro- 
cedure. When applicable, data under these blocks explain and qualify the symptom or condition. 
The symptoms are arranged numerically within each subsystem or subsystem section. 


The "PROCEDURE" column contains a step-by-step logic flow diagram, consisting primarily 
of action blocks, decision blocks, and failure blocks that enable failure correction and 
isolation. Caution and warning blocks are included for conditions, which, if not corrected, 
may degrade the operational integrity of a subsystem or may adversely affect crew safety. 
Remote event symbols refer to related remarks, to another step of the procedure, or to a step 
in another malfunction procedure. 


The "REMARKS" column contains supplemental data related to, and referenced from, the 
logic blocks in the "SYMPTOM" and "PROCEDURE" columns. 


Emergency Procedures 


Emergency procedures follow the same format as normal/backup procedures. 
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CHANGE REQUEST SUBMISSION GUIDELINES 


Be specific in your recommendations or comments; for example: 
e@ When recommending changes in text, provide new text to replace the old. 
e When pointing out technical errors, provide new technical data. 
e@ When suggesting deletions, specify exactly what should be deleted. 


Consider the following when preparing recommendations: 
e@ Are data in usable engineering units? 
e@ Does arrangement of data facilitate use? If not, suggest appropriate changes. 
@ What areas need revision? Be specific. 


If you have knowledge or sources that could be used to update any part of the handbook, 
provide this information and cite references. 


Indicate specific technical or administrative problems that may be created by the handbook 
contents or format. Suggest specific changes to eliminate these problems. 


Note the impact on, and relationship with, specifications criteria, constraints, etc. that 
this handbook should or should not have. 


GAC personnel use GAC form No. 3163 (7-70). The following information is keyed to, and 
explains how to fill in, the GAC change request form: 


This space is left blank by the originator. GAC change numbers are assigned by LM 
Publications. 


(2) The originator shall indicate which vehicles are affected by the change request. 
Q) Enter the date that the change request is initiated. 
@) The originator shall enter his name, department, and telephone extension, 


Enter the vehicle number that appears on the title page of the AOH, Vol II, to which the 
change request is written. 


Enter the basic or change date that appears on the title page of the AOH, Vol II, to 
which the change request is written. 


Enter the number of the page affected by the change request. 
Enter the number of the paragraph affected by the change request. 


Enter the number of the step and, if necessary, the number of the line affected by the 
change request. 


Explain, in detail, the change being requested. 

Explain, in detail, the reason for the change. 

The cognizant GAC subsystem engineer shall initial and date all change requests. 

©) GAC disposition shall be made by the head of LM Crew Systems. He shall indicate 
wi 


ether the change request is approved or disapproved, sign his full name, and fill in 
the date of disposition. 


® O®OBO® OOO 


@ NASA disposition shall be made by the MSC Change Control Board. A representative 
of the board shall indicate whether the change request is approved or disapproved, sign 
his full name, and fill in the date of disposition. 


The MSC Change Control Board shall assign all suspense dates. 


© 


iv 
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7. NASA personnel use MSC form No. 482 (Rev Jun 68). The following information is keyed to, 
and explains how to fill in, the MSC change request form: 


The originator shall enter his name, organization, and the date that the change 
request is initiated. 


@) This space is left blank by the originator. MSC change numbers are assigned by the MSC 
Change Control Board. 


G) The originator shall indicate which vehicles are affected by the change request. 


©) Enter the title of the manual, including the vehicle number that appears on the title 
page, to which the change request is written. 


@) Enter the document number to which the change request is written. 
Enter the number of the page affected by the change request. 


Enter the basic or change date that appears on the title page of the AOH, Vol II, to 
which the change request is written. 


Enter the number of the step and, if necessary, the number of the line affected by the 
change request. 


Qi) Explain, in detail, the change being requested. 

@2 Explain, in detail, the reason for the change. 

@ If applicable, enter pertinent remarks. 

(4) ) GAC disposition shall be made by the head of LM Crew Systems. He shall indicate 
whether the change request is approved or disapproved, sign his full name, and fill in 
the date of disposition. 

@? Final disposition shall be made by the NASA MSC Change Control Board. A repre- 
sentative of the board shall indicate whether the change request is approved or dis- 


approved, sign his full name, and fill in the date of disposition. 


The MSC Change Control Board shall assign all suspense dates. 
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DETAIL CHANGE IN EXACT WORDING 


REASON 


©) 
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GAC DISPOSITION 
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910B 1-15-71 New 
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Figure 4-11. RCS Theoretical Helium Bottle Loading Envelope, Pressure vs Temperature 
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Figure 4-12. Preparation For Sublimator Dryout (Panel 11) 
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Figure 4-13. Preparation For Sublimator Dryout (Panel 16) 
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Figure 4-14. Sublimator Dryout Time Required 
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Figure 4-15, Final Subsystem Deactivation, Panel 11 (Sheet 1 of 4) 
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Figure 4-15, Final Subsystem Deactivation, Panel 16 (Sheet 2 of 4) 
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Figure 4-15. Final Subsystem Deactivation, Panel 11 (Sheet 3 of 4) 
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Figure 4-15. Final Subsystem Deactivation, Panel 16 (Sheet 4 of 4) 
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Figure 4-18. Test Data, Designation Loci To Stable Tracking Angles 
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Figure 4-20. Test Data, Rendezvous Radar Shaft Traverses at Fixed Trunnion Values 
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Figure 4~25. Predicted APS Helium Tank Pressure During Burn 
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GUIDANCE & CONTROL FLIGHT DISPLAYS 


PRIMARY GUIDANCE & NAVIGATION SECTION 


ABORT GUIDANCE SECTION 


CONTROL ELECTRONICS SECTION 


DESCENT PROPULSION SECTION 


ASCENT PROPULSION SECTION 


REACTION CONTROL SUBSYSTEM 


ELECTRICAL POWER SUBSYSTEM 


COMMUNICATIONS SUBSYSTEM 


ENVIRONMENTAL CONTROL SUBSYSTEM 


EXPLOSIVE DEVICES 


HEATERS 
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5.2 MALFUNCTION PROCEDURES 


The malfunction procedures enable recognition of subsystem malfunctions, determination of 
their cause, correction or isolation of the failure, and determination of the effect on the 
subsystem and the scheduled mission. The procedures cover all significant single failures. 
To prevent the procedures from becomming complex and unmanageable, double unrelated failures 
are not covered. The malfunction procedures are arranged by subsystem, or subsvstem section 
(PGNS, AGS, CES, DPS, APS, etc), in a three-colunm format as follows: 


Symptom Column. Symptom logic blocks in this column allow entrv into the 
malfunction procedure. When applicable, data under these blocks explain 
and qualify the svmptom or condition. The svmptoms are arranged numer- 
ically within each subsystem or subsvstem section. 


Procedure Column. This column contains a sten-bv-sten logic flow diagram, 
consisting primarily of action blocks, decision blocks, and failure blocks 
that enable failure correction and isolation. Caution and warning blocks 
are included for conditions, which, if not corrected, mav degrade the oner- 
ational integrity of a subsystem or may adversely affect crew safetv. 
Remote event symbols refer to related remarks, to another step of the 
procedure, or to a step in another malfunction procedure. 


Remarks Column. This column contains supplemental data related to, and 
referenced from, the logic blocks in the "SYMPTOM" and "PROCEDURE" column. 
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3.2.1 GUIDANCE & CONTROL FLIGHT DISPLAYS 


Table 5-1. G&C FLT DISP Procedure Entrv Sheet 


Symptom 


FDAI att error abnormal 
AGS att error zero when it should be nonzero 
AGS att error nonzero when it should be zero 
FDAI total att abnormal 


FDAI OFF flag appears 


Rate display abnormal 


Rate gyro test fails 


RNG/RNG RT pwr/sig fail lt 


Sym 


lb 


2a 


Basic Date 1 September 1970 Change Date 


Page 


5.2-3 


SYMPTOM 


1 
I 
1 
i [J 
FDAI att error abnormal ATT MON sw? 
15] Switch input source. 


@ATT MON - PGNS 


eS 
19] 


Switch input to other FDAI. 


ATT MON - AGS (other FDAI) 


Ait error norm? 
NO 


YES 


AGS att error zero when 
it should be nonzero 


YES 
HH] Needle failed at zero? | 


Normally nonzero when: 
GUID CONT - PGNS 
MODE CONT (AGS) - AUTO 
400 =10000 or 20000 


or 
GUID CONT - AGS 
MODE CONT (AGS - ATT 
HOLD 
ACA - neutral 


or 
GUID CONT - AGS 
MODE CONT (AGS) - AUTO 


AGS att error nonzero 
when it should be zero 


22] NO 
All axes? 


YES 


Normally zero when: 
GUID CONT - PGNS 


MODE CONT (AGS) - ATT 
HOLD 


or 
MODE CONT (AGS) - ATT 
HOLO 
ACA - out of detent 


or 
GUID CONT - PGNS 
400 = 00000 


AGS 


GUID CONT sw? 


+00000? 


PGNS +2] Switch input source. 


LMA790-3-LM 


APOLLO OPERATIONS HANDBOOK 


PROCEDURE 


Switch input to other FDAI 


@ATT MON - PGNS (other 
a FDA) -_ 


Att error norm? 


NO 


ONE OF THREE LGC ATT ER- 
ROR SIGNALS FAILED OPEN 
OR BIASED. 


FDAI ATT ERROR DISPLAY 
FAILED. 


SIGNAL PATH FROM AGS TO 
ONE FDAI ATT ERROR DIS- 
PLAY FAILED 


No fi13] 


ONE OF THREE AEA ATT ER- 
ROR CHAN FAILED OPEN. 


YES 


i GUID CONT sw? _ 
AGS 


NO 


YES 
GX) 


LUNAR SURFACE FLAG 
FAILED SET. 


GUID CONT - AGS will result 
in abnormal vehicle dynamics 


@Alt ACA - cmd mnvr 
YES 
Att error zero during mavr? 


NO 


ewer 
UID CONT - P 
> 


ONE OF THREE AEA ATT ER- 
ROR CHAN FAILED BIASED. 


YES 


Att error zero? 


AUTO DISCRETE FAILED ON. 


MODE CONT (AGS) - 
ATT HOLD 
@ACA - out of detent 


GUID CONT PATH OF 
FOLLOWUP DISCRETE FAILED 
OFF 


YES 


Att error zero? 


NO 


® 


FOLLOWUP DISCRETE FAILED 
OFF 


SYMPTOM 


PROCEDURE 


a) Attitude error display lost for af- 
fected FDAl only for selected 
source. 


SIGNAL PATH FROM PGNS TO 
ONE FDAI ATT ERROR DIS- 
PLAY FAILED. 


@) Failure affects displays only. 


@ATT MON (2) - AGS 


@ FDAI attitude error display will show 
erroneous nonzero value in affected 
axis. 


@ATT MON (2) - PGNS 
@GUID CONT - PENS 


‘O) AGS attitude error computations 
limited to attitude hold. 


G) AGS automatic start/stop of MPS 
lost. AGS computations and dis- 
plays are unaffected, except for 
attitude error. 


AUTO DISCRETE (84) FAILED 
OFF. 


AGS attitude hold capability re- 
ACA OUT-OF-DETENT RE- mains only in automatic mode. 


LAY FAILED CLOSED 


A) Ali AGS attitude hold capabilities 
are lost. 


@) Check and reset lunar surface flag. 
If flag faited set, AGS guidance 
steering lost. 


@ATT MON (2) - PGNS 
@GUID CONT - PGNS 


ORIG ACA OUT-OF-DETENT 
SW FAILED OPEN. 


@) Capability of changing AEA attitude 
hold inertial reference with ACA 
lost. 


OUT-OF-DETENT FOLLOWUP 
RELAY FAILED OFF. 


It in PGNS, failure is applicable to 


Z- axis steering. If in AGS, attitude 
hold can be established only via 
DEDA. 
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FDAI total att abnormal 


oa FDAI OFF flag visible? 


FDAI OFF flag appears 


oO ORDEAL operating? 


@Place FDAI’s on alt inertial 
sources, 


Both FDAI's agree? 


NO 


Abnormal total att? 


fia] Switch opt] 
@ATT MON - AGS 
Totai att norm? 


Switch input to other FDAI 


@ATT MON - PGNS (other 
FOA) 


Total att norm? 


NO 


IMU/FOAI INTERFACE 
FAILED 


YES [2] ORDEAL pni wo 2] 


: NO 
it 7 
Wait 1 min & observe FDAl. 4 | ee 
FDAI total att changes? 


LMA790-3-LM 
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PROCEDURE 


@FDAI 1 (2) affected FOAI 
~ alt position (ORB RATE 
or INRTL) 


FDAi moves? 


| FDAI OFF FLAG FAILED. 


@FDAI 1 & 2 -INRTL Oo) 


[eon g2-went hy 
Total att display norm? ORDEAL FAILURE 


No 


ORDEAL pn 


YES § AUTO OR MANUAL MNVR 


PROBLEM 


Compare gimbal angles. 


DON'T KNOW @VASE 


eV 16 N20E 
eMnvr to 0, 0,0. 


OSKY & PGNS total att 
agree? 


YES 


15) Switch input. 
FDAI TOTAL ATT DISPLAY @ATT MON - PGNS CDU ZERO FROM LGC 
FAILED Total att norm? FAILED. 


YES 


AGS/IMU alignment just 
completed? 


Orig symptom present in 
one axis only? 

ONE FDAI TOTAL ATT 

DISPLAY INTERCONNECT 

FAILURE FROM PGNS 


AEA/FDAt INTERFACE 
FAILED 


CAUTION 


Basic Date 1 September 1970 


FOAI that displays symptom 
can be driven from one 
source only. 


@ ATT MON (2)-AGS 


@ Stabilize LM via out-the- 
window indication. 

Compare rate needies with 
vehicle motion. 


Ind rate > LM motion? 


CAUTION 


Rate display abnormal 


AGS may be selected only if 
ATT CONT (affected avis) ~ 


RATE GYRO FAILED ON PULSE or DIR 


ONE FDA TOTAL ATT 
DISPLAY INTERCONNECT 
FAILURE FROM AGS 


Rate needles at zero when 
mavr commanded? 


RATE SCALE SW FAILED 
OPEN 


ATCA/RGA INTERFACE 
FAILED OPEN 


PROCEDURE 


GUIDANCE & CONTROL FLIGHT DISPLAYS 


Change Date 


15 January 1971 


@ATT MON (2) - PGNS 


@GUID CONT - AGS 

@MODE CONT (AGS) - ATT 
HOLO 

@ATT CONT (3) - MODE 
CONT 

@ACA - cmd mavr in 
affected axis 


ATCA/FDAI INTERFACE 
FAILED OPEN 


Orbital rate and inertial total at- 
titude displays are identical 1 min- 
ute per orbital period. Waiting 1 
minute resolves possible ambiguity. 


@ Failure may be confined to ORDEAL 
resolvers to only one FDA', 


LM did not achieve desired auto- 
matic or manual maneuver. 


‘O) AGS-IMU alignment —_ capability 
lost. Align AGS by backup method. 


G) Failure includes tone of six IMU 
output lines or GASTA failure. 


Failure includes: 

One of six AEA output channels 
failed. 

One of three AEA return tines failed. 


CG) Maximum rate displayed >5°/ 
second. 


@) Rate display lost. Possible needle 


movement may be due to vibra- 
tion. 


A-300LM5-1019 
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FLT DISP 
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@ Test all three axes in both direc- 
tions. 


Rate gyro test fails 


RATE NEEDLE FAILURE 


Both FDAI rate ind agree? 


TEST VOLTAGE LOST, OR 
GYRO TEST ROLL SW OR 
GYRO TEST POS RT SW 

FAILED OPEN. 


Any rate needle remains at Needies at zero? 


zero? 


GYRO TEST POS RT SW 
FAILED CLOSED. 


Rate needtes deflect in one 
direction only? 


GYRO TEST ROLL SW FAILED 
INTO UNAFFECTED AXIS OR 
DOUBLE GYRO FAILURE. 


All rate needles peg in both 
directions? 


GUID CONT - AGS 
@MODE CONT (AGS) - ATT 


HOLD 
@ATT CONT (3) - MODE CONT 
@ACA - cmd movr ia axis 
Monitor for smooth rate 


(2) Assumption: RATE SCALE - 25°/SEC, 

but switch failed open when test 
was run. Failure results in selec- 
tion of 5°/second scale. 


GYRO TEST ROLL SW FAILED 
YES B OPEN IN AFFECTED AXIS. 


RATE SCALE SW FAILED OFF. 


AGS rate command tost for af- 
fected axis. If roll or pitch, AGS 
DPS burn capability lost. 


@ATT CONT {affected axis) 
~ PULSE or DIR 


or 
GUID CONT - PGNS 


RATE GYRO FAILED IN 
AFFECTED AXIS. 


wa 


@ Light is normally on when power is 

supplied and indicator is not used 
by AGS, LR, or RR. if either input 
signal goes to zero, light goes on. 
Light may flash randomly if range 
rate is <10 fps. Neither condi- 
tion indicates malfunction. 


ch (11) FLT DISP: RNG/RNG RT 


or 
cb/AC BUS A: RNG/RNG RT - open 
& cannot be reset? 


! . 
/RN 
ie i aralad RNG/RNG RT IND SHORTED 


Coe 
Light on if: 
Signa! lost. 


A-C or d-c power to 
ind fost 


3) Remove power to ind. 


@ Other cb-open 


ech (11) FLT DISP: RNG/RNG RT- 
open 


Pwr/sig fail It - off? 


cb (11) FLT DISP: RNG/RNG RT- 
close 
@cb/AC BUS A: RNG/RNG RT-open 


Pwr/sig fail it - off? 


NO 


@ RR range and range rate may be 
displayed if: 
a. RR locked on to CSM. 
b. P20 not in process. 
c. RO4 in process. 
(selected via V63E) 

d. Monitor V16 N78: 

RI Range YXXXX am 

R2 Range rate XXXX.X fps 


RR range & range rate can be dis- 
played on DSKY as backup to 
RNG/RNG RT ind. 


RNG/RNG RT IND FAILED DUE TO 
OPEN. 


@ Alternative display sources: 
a. RR range, range rate -N78 
(if RO4 in process by V63E) 
b. LGC range, range rate, 8 - N54 
(if R31 in process by V83E) 
¢. LGC latitude, longitude, altitude 
- N43 (if P21 in process) 
d. LM altitude (h)-DEDA 337 
e. LM altitude rate-DEDA 367 
f. LM-CSM range -DEDA 317 
g. LM-CSM range rate - DEDA 440 


Verify status of ind-driving source. {YES 


eSelect alt display source (when 
operating). 


@Radar - Ck xmtr power signal 
strength 
@AEA - Ck operation via DEDA. 


Source operating normally? 


For which display source of pwr/sig 


fail t- off? RR OUTPUT FAILED OR OPEN IN 
ail 't- off? 


LINE TO RNG/RNG RT IND 


FAILURE BETWEEN MODE SEL 
SW & RANGE IND 


LROR AGS OUTPUT TO RNG/RNG 
RT IND FAILED 


Correct source snalfunction. 


j 
! 
t 
| 
! 
| 
t 
! 
! 
! 
1 
! 
! 
t 
! 
I 
1 
| 
J 
| 
t 
' 
t 
I 
t 
i 
! 
| 
! 
i 
! 
| 
I 
! 
J 
| 
J 
t 
! 
! 
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swrrow sf PROCEDURE | REMARKS 


GUIDANCE & CONTROL FLIGHT DISPLAYS 


1 September 1970 


Basic Date Change Date Page 5-2-6 _ 


LMA790-3-LM 
APOLLO OPERATIONS HANDBOOK 


5.2.2 PRIMARY GUIDANCE & NAVIGATION SECTION 


Table 5-2. PGNS Procedure Entrv Sheet 


TRACKER 1t 

ISS warn lt 

TEMP lt 3 

GIMBAL LOCK lt 4 5.2-9 
LGC warn lt 5 5.2-9 
RESTART it 5a 5.2-9 
ALT 1t 6 

VEL it 7 

RNDZ RDR caut lt 8 

NO TRACK It 8a 

LGC test 


Change Date ________ Page 222-7 


Basic Date l September 1970 
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SYMPTOM 


NO TRACK It may also be on, but 
does not represent malfunction if 
lock-on has not been achieved. 


onset 
TRACKER it- off? 


LOSS OF DATA- GOOD DISCRETE 
TO LGC 


PROG It - on (00515)? 


(2) Occurs without NO TRACK It. Lec 
will not process RR data. 


YELLOW 


Light on if data- good is 
lost or RR CDU fails while 
RR is under LGC control 


Ck RR CDU. 


@RATE ERR MON-RNDZ RADAR 
©Perform RR coarse align 

V41 N72E 

Respond to ¥04 N12 option with 

00002 (continuous designate): 
@V16 N72E 


DSKY registers & FOA! error 
needies display input shaft & trun- 
nion angles? 


RR COU FAILURE 


oO Manual RR acquisition, 


if under PGNS control: 
Perform P25 or AGS acquisition 
steering. 
@RADAR: TEST/MON- AGC 
@RATE/ERR MON - RNDZ RADAR 
@X POINTER SCALE - as desired 
@RNDZ RADAR - SLEW 
Stew antenna until RADAR: 
SIGNAL STRENGTH peaks. 
Perform side -lobe check. 
@RNDZ RADAR -AUTO TRACK 
If under AGS control: 
Perform AGS Manual Rendezvous 
Radar LM State Vector Update 


Verify performance with MSFN. TRACKER LT LOGIC OR CDU FAIL 


CIRCUIT FAILURE 


{ 
| 
Ws 
| i PROG It - on? [2] Display alarm code 
©V05 NOSE 
NO Record alarm codes © Verify failure with MSEN 
! . @) RSET yes 3] before switching to alt Subsequent ISS malfunction indi- 
Light on if: { ISS & PROG Its remain off? TRANSIENT ISS CONDITION guidance sys. If MSFN is Cations lost. 
IMU fails 5 | unavailable, troublestioot 
hi id 
ICDU fails : CWEA OR LGC OUTPUT without satching guidance 
PIPA fails during thrust CHAN FAILURE 
I 
Following alarm codes are gener- 
| Mart PPR and IebU 
= in anure 
| GUID CONT-AGS 777 - PAP, : MU fai 
: 04777 10777 - PIPA and IMU failure 
| 0377 | elf thrusting, complete burn 7E9 13777 ~ IMU and ICDU failure 
before continuirg 10777 14777 - PIPA, IMU, and ICDU faiiure 
I 
| @ B77 If any of these alarm codes occur, 
d sequentially to each of 
l Alarm code? a7 7& 14 proces if tally 
teps listed. A“NO" answer to 
I 'CDU A/D ck 7,9, & 14 each step indicates that transient 
ue ie 07777 00777 discrete was generated. 
VE 
} Yaw ~ 0° | 9 | PIPA ck (3) Alarm may blank N20 display, 
{ Pitch - 0° So, reset alarm and key V16 N20E 
Ro j- 0" for comparison with total attitude 
! @V40 N20E - Zero ICDU's Any register zero or NO] PIPA FAILURE - DETECTION display. 
{ © Compare PGNS total att (4) () (6) > 300 counts/min? CIRCUIT FAILED 
I display with N20 display. oO YES @) cb (11) S/C: AEA - close 
i NO Iepu A/ 
NS FDAI & DSKY regist COU A/D 
| tee ae SECTION FAILED. ©) 
H Function A/D f 
| as Remaining Failure } Failure 
I 
| Fraficou oak [Fine atm [no [ves | 
<NODE CONT Fooarse ales |_NO_| nO] 
I (PGNS) - OFF Att error signal } no | NO | 
eV37E 00E {Total att to FDA [YE 
| eva3E [14] __ Stab loop ck Total at to FOAL YES 
| if vat We e£stablish att hold. Gimbal angles to LGC | NO _ | 
I bdo angles @V16 N20E IMU stab loop Yes [YES 
f R1+-00325 ()G) Compare PGNS & AGS Gena 
| R2+00325 FDAL total att & DSKY Cage mode Yves [VES] 
R3-+00325 13] readouts IMU failure-detection 
y NO , eat YES 
I PGNS FDAI error needies iCDU D/A PGNS FDAI total att or Rl NO circui 
1 ssloaded values? SECTION FAILED. R2. R3 drifting? . LGC INPUT CHAN FAILURE Coarse align in NO 
I YE : : gimbal lock 
H YES F 
LGC can perform functions not re- 
(4) (4X6) quiring IMU inputs. After each 
! 16] 18] thrusting maneuver, state vectors 
{ LGC INPUT CHAN 
I FAILURE @Aliow MSFN to evaluate: must be updated via P27. 
ower-down r 
| ecb) PGNS: ©) LGC monitoring and control of 
if thrusting lost 
1 IMU OPR - open 
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SYMPTOM PROCEDURE REMARKS 


L 
| 


ons) 


& IMU TEMP CONTROL FAILURE 


| TEMP It- off? 
YELLOW ! 0, 1, 2,3 in A of R1? 
: } 
Light on if JMU { YES 
temp out of limits | 
<126 F 
7A i Y OR LGC OUTPUT 
H TRANSIENT CONDITION ro eo Verify IMU performance with 
i] 5 MSFN. If MSFN is unavailable or 
} confirms {MU unusable: 
| @GUID CONT- AGS 
! 
! 
| Verify IMU performance with 
! MSFN. 
! 
| 
4 | 
[1] 3 | Realign IMU. 
RSE INERTIAL REFERENCE !S LOST. @Perform P5i to establish att 
reference 
YELLOW I NO 
Light on if MGA>70 ] 
! 
oO Ck gimbal angles. 
@Mnvr to avoid gimbal lock. 
! @V16 N20E @ KEY REL 
R3 (MGA) > + 70? 
| NO 
I 
! 
{ 
{ GIMBAL- LOCK DETECT @KEY REL 
7 ION 
| CIRCUIT FAILED @Monitor DSKY-displayed angles 
t to avoid gimbal lock. 
t 
5 O) 
11] NO 2) TRANSIENT 3 
Lec Light on continuously? CONDITION MSFN & crew monitor LGC & 
evaluate performance. 
YES 
RED 
Light on if: (2) © G) 
LGC prime power fails ves [5] Power up | fg 
Sealer fails GUID CONT - AGS PRO No LGC FAILURE 
Counter fails LGC in standby? Can LGC be powered up? 


NO 
RESTART It - on? 8} Input chan ck (4) 19) 
evil NIOE CWEA OR DSKY RELAY FAIL- 
YES 33E YES 


3 | NOB URE 
DSKY operational? 0, 1, 4. 5, in A of RL? 
o pe 


YES 
2] GUID CONT - AGS 13] LGC FAILURE 
NO 


if time permits: 
Perform LGC self-test to 


YELLOW determine whether any 
tenet wy (6) LGC capability remains. 
arity failure 
TRUPT Tock 15 DSKY RELAY FAILURE [16] If time permits, read 
TC trap LGC restart monitor. 
Night watchman or okey VOI NIOE T7E = LGC TEST 


Voitage failure R1 OOCDE 


LGC VOLTAGE FAILURE 
(POSSIBLY TRANSIENT) 


SYMPTOM PROCEDURE 


R1 readout of 0, 1, 2, 3 indicates 
IMU temperature is within fimits. 


GN & CS performance will be unaf- 
fected by IMU out-of-tolerance 
temperature for at least 15 min- 
utes. Critical maneuvers can be 
conducted within this time, IMU 
stab loop and velocity measure- 
ments will be degraded after this 


time 


Subsequent {MU  out-of-tolerance 
temperature indications are lost. 


@ LGC commands coarse align when 
MGA > 85°. 


(2) GIMBAL LOCK It unusable for 
monitoring. 


Transient condition could have exis- 
ted either in LGC or CWEA. 


@) DSKY relay that turns on LGC It dis- 
ables gyro torquing and PIPA capa- 
bility. Hence, LGC monitoring and 
contro of both TVC and RCS at- 
titude maneuvers lost. 


@) Attempt repowering LGC by open- 
ing and reciosing cb (11) PGNS: 
LGC/DSKY. 


Readout of 0, 1, 4, 5 indicates LGC 
fail signal to CWEA. 


CB) cb (11) S/C: AEA - close 


(6) 


Channel 77 


*Parity fail (F—memory) 001 


*Parity fail (E—memory) 003 
TC trap 004 
RUPT lock 010 
Night watchman 020 
Voltage fail 040 
Counter fail 100 
Scaler fail 200 
Scaler double frequency alarm 400 
*Allowable combinations of Octal sum of 


above alarms above codes 


“Parity fail will either be in E ~ 
memory or F — memory, but not 
in combination. 
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(2) (3) Expected zero Doppler regions 
LR antenna position No. 1 - 
1] FLASHING _ L241 Preceded by steady Jno [3] DoLR Self Test ‘abeut 7000 to 5000 feet 
ALT It & VEL It ‘MODE SEL - LOG RADAR LR antenna position No. 2 - 
~ flashing eV58E ae about 350 to 150 feet 


@RADAR TEST - LOG 


YELLOW SEY ves Ae 
Self-test altitude correct | YES Altitude reasonabeleness test is 
(8000 ft on ALT/ALT RATE)? R3 AH performed only after high gate. 
; : PGNS 
a on steady if: rn] VEL 
data- 
discrete nt present x 3) Time imitations below nigh 
when LGC tries to gate may not permit test. 


read LR altitude (R20) 
Expected at: 
High altitudes 
Off-nominal atti- 
tudes (including 
“belly down”) 
Zero Doppler 
Light flashing if: 
LR altitude reason- ALT RT 
ableness test failed @MODE SEL - LOG RADAR 


I 
I 
t 
! 
| 
1 
{ 
I 
t 
I 
I 
I 
! 
t 
I 
below high-gate (R12) 4 
Expected at: I Altitude display on YES 
Lurain discontinuities I ALT/ALT RATE OK? 
I 
I 
! 
! 
| 
I 
| 
I 
! 
I 
l 
I 
I 
{ 
! 
I 
! 


LR self-test cannot determine 
Cause. Symptom may be temp- 
orary due to causes such as 
those listed in SYMPTOM col- 
umn. 


Before average YES 
LS gin 63? ree o DSKY RELAY FAILURE a LR ALTITUDE FAILURE 
NO 


@RNG/ALT MON - ALT/ 


YES @V16 N68 
‘Monitor R3 AH. 


LR/LGC INTERFACE FAILURE 


Possible data interface failure. 


Assumption: RO4 is not running, 


Zero Doppler 
: NO 


Capability of updating LGC with 
LR data is lost. 


if transmitter corona is sus~ 
pect, ch PGNS: LDG ROR - cycle. 


fa] ornare], [3 
V58E 


YES @RADAR TEST - OFF 
° ev57 
XMTR @RADAR TEST - LOG FL V16 N68 
RADAR: SIGNAL STRENGTH Test OK? 
>21? (Monitor ALT/ALT RATE) 
MOO is 


16 
LR DEGRADED OR FAILED HT irra | 


@RADAR: TEST/MON - ALT @ RADAR: TEST/MON - VEL 
R = 


OR OREOMEORG) 


If transmitter power, or receiver 
sensitivity for beams No. 1, 2, 
or 4, is degraded, altitude data- 
good may be late. 


AMR 
RADAR: SIGNAL STRENGTH 
?2y 


Expected zero Doppler regions: 
LR antenna position No. 1 ~ 


a a FLASHING | 2] about 7000 to 5000 feet 
Preceded by steady VEL It POSSIBLE CROSS-LOBE Activate forced tracker teed Ler 2- 
or ALT It also flashing? LOCK-ON. search, 


STEADY 


YELLOW 


@RADAR TEST - LOG 


Velocity reasonableness test is 
performed when velocity <6000 
fps (all the time). 


No eWait 1 sec. 
@RADAR TEST - OFF 


[5] DoLR Self Test @VEL It - on steady” 
ev 


( 6 sec); then off 


Light on steady if: 


LR velocity data- 8 

stale (te “TCHR ON Uo LR yer cannot one 
resent when cause. Symptom ma} lemp- 
tries to read LR MODE SEL - LDG RADAR orary due to sie such as 


@RNG/ALT MON - ALT/ 
ALT RT 

@RADAR TEST - 

Altitude rate and/or hori- 

Zontal vetocities (on ALT/ 


velocity (R20) 
Expected at: 
High altitudes 
Off-nominal atti- 
tudes (including 


those listed in SYMPTOM col- 
umn. 


NO @RADAR TEST - OFF Possible data interface faiture. 


@VS7E 
“belly down") ALT RATE and/or X pointer) (V16 N68) de oi 
Zero Doppler obviously bad? Possible impact on ability to use 
Light on flashing if: YES altitude data. 
LR velocity reason- (5) 


| 
t 
I 
t 
| 
I 
| 
I 
1 
| 
! 
' 
! 
I 
! 
: 
pte tests fail- | Assumption: RO4 is not running. 
Expected at: LR VELOCITY FAILURE 
tif discontinuity ! Perey rau If transmitter power, or receiver 
Near-zero Doppler i sensitivity for beam No. 1, 2, 
! 
J 
J 
! 
! 
] 
I 
] 
J 
I 
I 
I 
! 
| 
t 
t 
! 
I 
L] 


or 3 is degraded, velocity data- 


LR antenna stuck 


@) 
a 7 fNG 


between positions 8 | [3 | [10] good may be late. If beam No. 2 

{at higher alti- Before average g in P63? NO and/or 2 is affected, altitude 
tudes) @RNG/ALT MON - ALT/ @ RADAR: TEST/MON - VEL (18) data will also be late. 

YES ALTRI XMTR a 

@MODE SEL - LDG RADAR [11] If transmitter corona is sus- 

@ Altitude rate display RADAR: SIGNAL STRENGTH {NOT LR vetocity DEGRADED pect, cb PGNS: LOG RDR - cycle. 

DSKY RELAY FAILURE changing? 3217 OR FAILED. ee wiodd: ppb 

ere is no onboard capability 

YES (8) YES (i) for distinguishing between fail- 

ures, Continue and monitor 

[14] Do LR Self Test other data sources. If data-good 


-discrete interface failed, LR 
data are not processed. 


@V58E 
@RADAR TEST - LDG 

@RATE ERR MON - LOG 
ROR/CMPIR 


Altitude rate and/or hori- 
zontal velocities (on ALT/ 
ALT RATE and/or X pointer} 
obviously bad? 


OSKY RELAY FAILED OR 
LR/LGC INTERFACE FAILURE 


16] YES 
LR VELOCITY FAILURE 


PROCEDURE 
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Basic Date _1 September 1970 Change Date 


® Unless results are obvious, test 
is inconclusive without report 
of downlink from MSFN. 


@RADAR TEST - OFF 


eVS7E 
(¥16 N68) 


RNDZ RDR 


YELLOW 
Light on if 


RR loses data good in 


AUTO TRACK 


YELLOW 
Light on if 


LMA790-3-LM 
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PROCEDURE 


NO TRACK It - 01 ia aie aie | 
YES [3 


YES RNDZ ROR |t - off? 
NO 


YES I RR FAIL DETECT CKT 


NO TRACK |t - on? FAILURE 


NO 


NO 
fe] RRamtrck | 


@RADAR TEST/MON - XMIR 
PWR 


= NO 
Signal strength >1.6? 
Yes 


Range rate display OK? 
(AGC >0.6 vde) 


RR DEGRADED OR FAILED 


RR loses data good 


in AUTO TRACK & LGC 


modes 


Basic Date 


1 September 1970 


NO 
Hs RR FAILURE. 


11) CSM verifies att & 
xpnder OK? 
YES (5) 


@Request CSM RNDZ 
XPNDR-HEATER 
@RADAR TEST-RNDZ 


(wait 15 sec) 


Range & range rate display 
OK? 


[17] @RADAR TEST - OFF 


@Request CSM RNDZ 
XPNOR-PWR 


12] Range display OK? 
YES 


@Request CSM RNDZ 
XPNDR-HEATER 

@RADAR TEST-RNDZ 
(wait 15 sec) 


TEST OK? 
NO (6) 


O 
RANGE TRACKER FAILURE 


@Attempt LGC acquisition 
via P20 


NO TRACK It - off? 
22 
@Attempt AUTO & MAN 
acquisition via P20 


NO AUTO TRACK ENABLE 
FROM LGC 


RNDZ ROR & NO TRACK !ts - 
off? 


MOMENTARY LOSS OF TRACK 


Mode? AUTO TRACK 
; @RNDZ RADAR - SLEW 


then AUTO TRACK {wait 
15 sect 


NO 
Range display OK? 
YES 


29) Routine attempting to [30] YES 31] 
read RR? NO TRACK It-off? 
RNG CKT TRANSIENT (AND/ 
NO OR RNDZ ROR LT FAILED 

OFF) 

22] TRACKER It- on? Ee (8) 

: Ri ABCDE 134] 

DATA GOOD CKTRY FAILURE 


NO 
D= 0,24. or 6? 
YES 


@) 


DATA NO GOOD/NO TRACK 
CKT FAILURE 
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Change Date 


(CE) RNDZ ROR C/W monitor capability 
lost. Use NO TRACK It. 


@) Continue troubleshooting. 


@) if antenna is drifting or osciflating 
abnormally, a single gyro has failed. 
RR GYRO SEL - SEC and reacquire. 


@ 


To check for possible rndz radar 
corona problem or frequency 
tracker lock-on to spurious ra- 
diation, cycle cb (11) PGNS: RNDZ 
RDR off for =~ 10 sec. 


® 


Key V95E (in LGC mode) before in- 
-itiating self-test or go to AUTO 
TRACK. 


RR will maintain tracking and pro- 
vide good range rate data, shaft 
and trunnion angles to FDAI error 
needles, and azimuth and elevation 
angle rates to X pointer ind. 


@) ® LGC cannot read Rndz radar. 


(®) All Rndz radar data OK but RR data 


good missing and LGC will not 
accept data. 


(B) Data OK to LGC and display. Use 


RNG/ALT pwr/sig fail It, TRACKER 
It, and AGC > 0.6 vde as substitute 
track indication 
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SPECIAL SUBROUTINE 


SSR-1 


R2 = 00001 for 7 seconds 
R2 = 00002 for 43 seconds 


LGC test 


V37E 00E Record: 


R1 (ERCOUNT) 
ov25 NOIE R2 (SCOUNT) (2) Subsequent use of LGC depends 
R3 (SCOUNT + 1) upon MSFN evaluation of succeed- 
ore ise ing steps in self-test. 
erify program alarm 
ev21 N27E (2X3X4) 01102 


v05 Nose 
10E @Record: 


2 | 
R2>3? LGC FAILED. RI (ALMCADR) 
No [sen 
he Fine ron 


[aT Glockck +d (6) 
ET swimena | fa 
@VOi NOIE 


ev21 NZ7E 
V37E O0E 13746 


OE 
Perform following if time ae 
evil 
FLVO5 NOL om R1 (SKEEP 4) 
@1377E 


permits. 
Verify RI = R2 or 
RUB R2 = 77777 @Record: RI (SKEEP 7) 


(3) coin sic: AEA - close 


® AIL LGC functions lost. 


@) LGC self-test checks only erasable 

and fixed memory. Other internal 
problems cannot be determined by 
self-test. 


j If not: F . 
17] Scaler fail ck Rs GCE AT. Transmit to MSFN: 
@VI1 NIOE oo eee SKEEP 4 7 
3e (3X4) @V34E Terminate jo ates ® Problem is in erasable memory. 
E of RI changes every [NO (PRY LGC FAILED Transmit recorded data ox ; 
vy . . ea 
5 sec? | e Terminate use of LGC. roblem is in fixed memory. 
YES 
() CB) do not use LC controt for attitude 
Maneuvers. 
oO ves [14 


® RCS DAP unusable because 16 


T6 COUNTER OR LGC FAIL Counter controls set firing times. 


DETECTOR FAILED. 


LGC control of RR lost. 


V41 N72 or P20 being 
performed? 


RR under LGC controi? TRUNNION OR SHAFT CMD 


REGISTER FAILED. 


RR TRUNNION OR SHAFT 
CDU COUNTER FAILED 


YES 


GA) tse upink lost 


© UP DATA LINK- OFF or 
VOICE BU 


Up data link blocked? 


(3 X12) (2) IMU cannot be fine aligned. 
yes 23] 
cb (11) PGNS: IMU OPR~ GYRO TORQUING CMD 
closed? REGISTER FAILED. 
(13) IMU cannot be coarse aligned. Align 
by caging and/or fine align. 
ves 125} 
ICDU CMD REGISTER 
FAILED. 
LO, 


(©) IMU usable as attitude reference 
only. 


@cb (11) PGNS: IMU OPR- 
open 


REGISTER READING 


2 i - 7 yes @ PIPA COUNTER FAILURE 
yes | Any register zero or incre- CORRESPONDING TO FAILED 
menting at extreme rate? 


LGC It-off? 


MOO, 
ras 
GX) 131] 
A voc rau. | LGC/IMU INTERFACE LOST. 
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5.2.3 ABORT GUIDANCE SECTION 


Table 5-3. AGS Procedure Entry Sheet 


Symptom 


AGS warn lt 


DEDA response abnormal 


1 September 1970 


Basic Date 322-13 


Change Dote ___ Page 
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RED 
Light on if: 


C1) |G) ass ost. 


@) AGS self-test status 
412+ X0000 

0 Test not complete 

1 Test successful 

3 Logic test failure 

4 

7 


3] [4] _AEAself-test ck. 
GUID CONT - PONS @DEDA C4122 AEA POWER SUPPLY 
NO FAILED. 
DEDA responds? 


YES 
8 | 


+10000 displayed within 
5 to 30 sec? 


ASA power supplies out 
of tolerance 


ASA heater fails on (act- 
ivated at 150° + 5°F) 


Memory test failure 
Logic and memory 
test failure 


x 
x 
Xx 
Xx 
x 


Hoiew ut 


NO 


AEA self-test 


e@DEDA C 412+ 00000E (@) @) 
@DEDA C 412R 8 | 
NO 


-+10000 displayed within AGS SELF-TEST DETECTED 
5 to 30 sec? 


AEA fails to complete 
minor cycle within 


20 milliseconds Q) AGS operations not recommended, 


AEA test mode discrete 
signals failure condition 


FAILURE. 


Light latches on when 
AEA failure is detected. 
O2/H20 QTY MON must 
be set to C/W RESET 
position to unlatch. 


‘O) 02/H20 QTY MON performs latch- 
up release when set to C/W RESET. 


TRANSIENT CONDITION 
TRIGGERING SELF-TEST 
FAIL DISCRETE 


(5) For PGNS unavailable: 
€ 400+70000 checks accelerom- 
eters only. 


@DEDA C 400+ 60000E 
or 


If PGNS unavailable: 
@DEDAC 400+ 700008 | yes 13] 
1S ald 
NO @) AEA restart changes: 
470 to — 73320, 400 and 410 
[15] through 417 to +0000, 


MSFN verifies ASA heater 
operation. 


NO 
ASA heater OK? ASA HEATER FAILURE 
YES (1) 


ASA POWER SUPPLY 
FAILED. 


AEA MAY HAVE EXPERI- 
ENCED A RESTART 


8] 


cb (16) S/C: ASA-open 


Update & align AEA. 
Reconfigure 400 & 410 
through 417 as required 


Readout and enter functions are 
lost. AGS flight displays are avail- 
able. but will become less and less 
reliable due to inability to be up- 
dated, aligned or calibrated. 


DEDA response 
abnormal 


2 DEDA FAILURE 


CLR PB FAILED OPEN. 


[3 | YES [4] (2) opr ERR display lost. 


OPR ERR It-on? 


ecu 
NO 


DEDA controls treeze, 
but can be returned to 
normal via CLR pb? 


Digit pb-push 


Digit displayed? 


(3) MSFN can confirm DEDA readouts. 
a. For following failures, AGS/ 
DEDA capability is unaffected: 
EL segments 
HOLD pb open 
b. For following failure, readout 
and enter capability is lost: 
CLR pb closed 
Digit pb closed 
ENTR pb closed 
HOLD pb closed 
READOUT pb closed 
AGS flight displays are available, 
but will become less and Jess re- 
liable due to inability to be up- 
dated, aligned, or calibrated. 
c. The pb capability is lost for fol- 
lowing failures: 
Digit pb open 
ENTR pb open* 
+ or — pb open* 
*AGS can no longer be aligned, 
updated, or calibrated. AEA 
routines via SXX entry are lost. 
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5.2.4 CONTROL ELECTRONICS SECTION 


5.2.4.1 Abnormal Vehicle Dynamics 


e Abnormal vehicle dynamics during coasting flight is defined as _uncom- 
manded vehicle acceleration by RCS, including limit cvcling on edge of 
deadband. Abnormal behicle dynamics during thrust includes unexpected 
acceleration or oscillation, or excessive RCS firing. Abnormal dynam- 
ics may not always be recognized on vehicle displays; it mav be necess- 
ary to verify the symptom using other available cues. 


Table 5-4. CES Procedure Entry Sheet 


Sym | Page 

Symptom No, No. 
Abnormal vehicle dynamics (non-MPS) 1 5.2-16 
LM drifts out of deadband 2 5.2-17 
PGNS minimum impulse (V76) cmds abnormal 3 5.2-17 
AGS pulse or direct cmds abnormal 4 5.2-18 
Prop cmds abnormal 5 5.2-18 
TICA cmds abnormal 6 5.2-19 
Abnormal Dynamics during MPS thrusting 7 5.2-19 
ENG GMBL caut lt 8 5.2-20 
No MPS shutdown 9 5.2-20 
Premature MPS ignition 9a 5.2~-20 
No MPS ignition at TIG = 0 10 5.2-21 
ENG THRUST & CMD THRUST ind do not agree/off schedule 11 5.2-21 
PRE AMPS caut lt 12 5.2~22 
CES AC warn lt 13 5.2-22 
CES DC warn lt 14 5.2-22 


1 September 1970 15 January 1971 5.2-15 


Basic Date Change Date Pag 
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For abnormal dynamics during com- 
manded maneuvers, refer to symp- 
tom for associated mode. 


Affected quad: 
@RCS: SYS A (B) QUAD - 
DISABLE 


cb RCS SYS A (B): QUAD 
1 (2, 3, 4) TCA ~ open 


7 
io Yes es PROP - ENABLE in 
ACA PROP (2) - DISAB ACA FAILED OUT OF DETENT. dividually, to isolate faited 
ACA 


LM stable within deadband? NO 


YES 


Abnormal vehicle dy- 
namics (non-MPS) 


[1] Stabilize IM, NO [2] ves BL | 

- : RCS TCA It on? JET DRIVER FAILED ON 

@ACA-hardover, if required (PRIMARY COIL). 

@GUID CONT - AGS (PGNS NO 

@MODE CONT (2) - ATT 
HOLD 


@ATT CONT (3) - MODE 
CONT 

@TTCA/TRANSL (2) - DIS- 
ABLE 


DEAD BAND - MAX 
@ACA - neutral 


(2) Single RCS jet failed on, when com- 

pensated for by opposing jets, con- 
sumes 0.12%/second of total RCS 
propeliant. 


Y Attitude hold mode lost. Refer to 


for procedure in using PGNS (AGS) 
automatic mode for attitude hold. 


@ACA/4 JET (2) - DISABLE 
YES 
GX®) 


+ X TRANSL PB SHORTED. 


cb (11) $/C: ATT DIR CONT 
~ open 


Alternative is to replace defective 
ACA with shorting plug. See CES 
symptom No. 5, remark No. 6. 


NO 


ACA HARDOVER SW SHORTED. 


ACA/4 JET - ENABLE individ- 
ually, to isolate failed ACA 


(3) +X TRANSL pb, hardover, DIRECT 
mode, and PULSE mode lost. 


@) Hardover mode is lost. 


AOS LM stable?) 


internal failure may be confined to 
LGC input/output channel, which 
can be determined from RCS cold- 
fire check. 


Reload correct DAP data 
load. 


@TTCA/TRANSL - ENABLE 
individually, to isolate 
failed TTCA 


(8) AGS rate command and FOAL rate 
monitoring lost. if roll or pitch, 
AGS DPS burn capability tost. 


[20] YES ff 21 | . 
Rate needies abnormal? RGA FAILED. Lec 
7 SELF - 


AGS att error needles >0? 


(3) 


E AEA FAILURE 


@ATT CONT - individually TTCA/TRANSL - ENABLE @) Perform AEA self-test. 


#GUlD-CONT - AGS DIR, then MODE CONT 
NO Li stabie? | im statie 


AGS - CES FAILURE 


individually 


[S| 
8 


(18) Acs MODE CONT and possibly 
PULSE mode lost. DIRECT mode 
is unaffected. 


(11) DIRECT and PULSE modes test for 

affected axis. PGNS minimum im- 
pulse mode may be lost in affect- 
ed axis. 


@ATT CONT (affected axis) 
- MODE CONT 


@GUID CONT - PENS 


| 
! 
I 
1 
! 
t 
I 
I 
| 
t 
! 
t 
| 
! 
1 
! 
| 
I 
| 
t 
| 
' 
! 
I 
1 
I 
| 
{ 
! 
I 
t 
| 
I 
! 
I 
| 
PGNS YES 
! o 
I YES 
| NC 
i 
I 
J 
I 
| 
I 
| 
I 
’ 
1 ? 
| 
! 
I 
! 
! 
I 
| 
! 
I 
I 
I 
! 
I 
I 
t 
i 
I 
I 
( 
! 
! 
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l 
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I 
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l 
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2 @) 


LM drifts out of 


DEAD BAND - MIN 

MODE CONT (AGS) - ATT 
HOLD 

@ATT CONT (3) - MODE 
CONT 

@Select FDA'S on alt 
sources. 

Observe att errors. 

@ACA-cmd + & — inall 

axes. 


YES 


deadband 


All axes respond? 


@GUID CONT - AGS 

DEAD BAND - MIN 

@MODE CONT (AGS) - ATT 
HOLD 

eATT CONT (3) - MODE 
CONT 

@Select FDAI'S on alt 
sources. 

e@Observe att errors. 

@ACA-cmd + & — in all 
axes 

@ACA - neutral 


PITCH, ROLL, OR YAW RELAY 
IN ATCA FAILED OPEN. 


FDAI's failing to establish 
new reference? 


YES 


ENABLE VOLTAGE TO 
PRIMARY PREAMPS LOST 


@GUID CONT ~PGNS 
@ACA-mavr 


ut LM responds? 


NO ATT HOLD INBIT 
SUPPLIED TO LGC 


PGNS OUT-OF-DETENT 
RELAY FAILED CLOSED. 


Guidance mode desired? 


AGS 


PGNS minimum 
impulse (V76) cmds 
abnormal 


Coupled motion? 


NO 


oe ACA 2.5° SW FAILED 
—— 
NO 


ACA-cmd movr in 
affected axis 


NO 


| 


PGNS| When mnvr complete: 


PROCEDURE 


3 | 4] 
No. [TENABLE VOLTAGE TO ABORT 
PREAMPS LOST GUID CONT - PENS 


YES 6 | @ACA-neutral 


FDAI failing to establish 
new reference? 


BOTH 


AGS DRIVEN 


AGS OUT-OF-DETENT 
RELAY FAILED CLOSED. 


ACA OUT-OF-DETENT SW 
SHORTED. 


PGNS 


PGNS att hold 


@GUID CONT - PGNS 

MODE CONT (PGNS)-OFF 
momentarily, then AUTO 

When mnvr required: 

@MODE CONT (PGNS) - ATT 
HOLD 


@ACA - mavr 


@DEDA C 400 + O0000E 
@MODE CONT (AGS) - AUTO 
To establish new reference 


& mnvr: 
@MODE CONT (AGS) - ATT 


HOLD 
@ATT CONT (3) - as desired 
@ACA - mavr 
When mnvr complete: 
@MODE CONT (AGS) - AUTO 
@ATT CONT (3) - MODE 
CONT 


@MODE CONT (PGNS) - OFF 
momentarily, then AUTO 


e@GUID CONT - AGS 
@ATT CONT - PULSE 
@ACA - cmd mnvr 


LGC PROBLEM (OUTPUT 
CHAN) 


@/lsolate failed jet by 
DSKY entry. 


SYMPTOM | 


PROCEDURE 


CONTROL ELECTRONICS SECTION 


Basic Date 1 September 1970 


Change Date 


118} AGS att hold 


2 DRIVER FAILED OFF. 


‘o) Procedure is applicable to PGNS or 


AGS attitude hold mode only. 


(2) Res contral lost for atfected posi- 


tion of GUID CONT sw. if ATCA 
circuit breaker for associated guid~ 
ance system opened, a return to 
that system for control is impos- 
sible. 


(3) Only AGS PULSE and DIRECT con- 


trol are avaitable in affected axis. 


C4) out-of detent signal to AEA is al- 


ways present. 


@) PGNS RCS control may be available 
in AUTO. 


CB) out ot detent signal to LGC is al- 
ways present. 


MODE CONT (PGNS) - OFF momen- 
tarily to allow CDU's to be driven 
to existing LM orientation. If not 
set to OFF, LM wilt be driven to 
attitude previously stored in CDU's. 


LM will drift about X-axis unless 
Xaxis override is locked out. 
To inhibit: 

V25 NO7E 

RI INE 

R2 400E 

R3 1E 


DSKY entries to inhibit jet: 
@V25 NOJE 
FL 21 NO7 
@Load RI: 
1257€. if vertical jet 
1260, if horizontal jet 
FL V22 NO? 
@Load R2 with octal code 
that identifies failed jet: 
1U~100E | 4U-1E 
1D-200E | 4D-2E 
I-46 | AF -2E 
ML-200E | 4R-100E 
2U-20E | 3U-4E 
2D-40E j 3D-10E 
2A-10E | 3A-1E 
2L-20E | 3R-40E 
FL V23 NO7 
@Load R3: 1E 
eV4gt 
@PRO 
@V34E - Terminate 


@) If problem is in pitch or roll, LPD 
ti 


ost. 


} (3) LGC minimum impulse, AGS PULSE 


and one-half of DIRECT authority 
lost for affected ACA. 
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AGS pulse or 
direct cmds 
abnormal 


Excessive or uncommanded 
rates? 


(1) @ Affected axis may be available in 


o PGNS (if preamp failed). 
NO ATCA FAILURE 


@ATT CONT {affected 
axis) - MODE CONT 


YES 
a @Alt ACA- cmd mnvr oO Symptom occurred in? 


Response norm? 


@ATT CONT (3) - PULSE 
Orig ACA - cmd mnvr 


(2) 


(2) one-hatt of DIRECT authority tost 
for affected ACA. 


YES 10} 


NO LGC minimum impulse, AGS PULSE, 
ACA 2.5° SW FAILED OPEN. and one-half of DIRECT authority lost 
4] NO for affected ACA. 
ACA 2.5° SW FAILED OPEN. 
{12} wo [PULSE [3] Prop mmr] (4) AGS PULSE made ist for affected 
Symptom occurred in? @ATT CONT (3) - MODE ‘axis. 
DIR CONT 4] 
@ACA - cmd mavr yes ] PULSE MODE ENABLE 
o RELAY FAILED (TYP K19) 
JET FAILED OFF (SEC). NO (7) 


JET DRIVER/PREAMP 
FAILED OFF, 


0) Prop contro! lost for affected ACA. 


@® Failure may be single or multiaxis, 


@) Failure could be open LGC output 
channel, summing amplifier, pulse 
tate module, or preamplifier. 


Prop cmds abnormal 


@ACA - hardover, if required 
@ACA PROP - 3 (1) (2) 
@Alt ACA - cmd prop mnvr 


12) ves 3] 
= forearms 


NO NO 


@® Prop contro! tost for affected guid- 
ance system. DIRECT and PULSE 
contro! unaffected. 


@®u symptom is present in both 
guidance modes, malfunction may 
be open circuit in one ACA. 


To remove ACA and replace with 


PROP CONT TRANSDUCER HUNG 
UP OUT OF NEUTRAL. 


shorting plug: 
5 Coupled motion? us 6 (3) cb (11) site ies 
GUID CONT - AGS (PGNS) 7] ATT DIR CONT - open 
NO @ACA-cmd + & — in affected ATCA (PGNS) - open” 
axis PGNS - RCS (CES- RCS) INTERFACE @cb (16) $/C: ATCA (AGS) - open 
as FAILURE. ech (11) COMM: COR - oper fr COR ACA) 
or 


NO ch (16) COMM: SE - open (for LMP ACA) 
@ACA PROP (2) - DISABTE 
@AUDIO CONT (2) - NORM 
On suspected ACA: 
@P & J 709 - disconnect 
@P & J 708 - disconnect 
install jumper plug on J 709. 
@lnstal! dust cap on J 708 
Close above ch's & reconfigure 
switches. 
Since vehicle attitude control is lost dur- 
ing switch over, use of this procedure dur- 
ing controlied flight is not recommended. 


o JET DRIVER FAILED OFF. 


60GO 


oO PGNS — #10 
S & € CONT ASSYS RELAY FAILED 
OPEN OR LGC PROP INPUT PROB- 


AGS LEM OR OPEN CIRCUIT IN ONE ACA. 


1] Excessive rates? eS 2] 
© GUID CONT - PGNS 


NO @ Perform rate gyro test. 


@) Pens and oiReCT control unat- 
fected. PULSE control may be avail- 
able in AGS. 


(2X7) 


(®) owect controt unaffected. Prop 
control may be OK in alternative 
guidance system. 


® FDAI rate displays lost, 


SUMMING AMPLIFIER SHORTED. 


Oo, 


8] RGA FAILED. 


S & C CONT ASSYS RELAY OR 
SUMMING AMPLIFIER FAILED OPEN 
OR OPEN CIRCUIT IN ONE ACA. 
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TTCA cmds abnormal 


oi Gain cont & apply AY. 


@ACA~gain att cont 
@Alt TTCA-apply AV 


@cb RCS SYS A & B; QUAD 


NO 
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@ACA-gain att cont 


GUID CONT—AGS (PGNS) 


JET DRIVER CKT FAILED 


@GUID CONT - PGNS (AGS) 


@MODE CONT (2) - ATT 


NO 
O 
YES 


as needed eTICA-apply AV as HOLD RCS control for affected guidance 
R 2 needed mm @ATT CONT (3) - MODE ® system lost. — 
vs] “Cor 
rs oHCA- end singe ase | case vrs ro 
- it a C3) Resetting cb (16) INST: CWEA 


[5] Cold-fire TCA] 


[sneron ot eas 


‘O) Abnormal response will be tack of 
(or subnormal) A¥m or abnormal 
limit cycting. 


causes MASTER ALARM — on. 


7] PGNS oO 0, 
Failure occurred in? LGC PROBLEM 
AGS (5) 


1, 2, 3, 4—open OPEN. ® Because translation is single -jet, 
@V11 NIOE expect at least twice thrusting time 
Ri = XBCXX to achieve AVm. 


@TTCA-cmd + & — trans- 
lation in each direction: 


Up X76XX @Affected THRUSTER PAIR- OPEN CKT IN == 15V LINE [ PGNS | 
Rigi XaKK as EROMIAIED | SSR-1 | ® LGC problem may be confined to 
Left je xen Loc TEST input/output hts hanged which 
orwart can termined from cold- 
Aft X37XX fire test in step 5. 
®@cb RCS SYS A & B: QUAD 
‘ 1, 2, 3, 4-close 


cb (16) INST: CWEA- open, 
then close a 


YES 
RI correct in all directions? 


NO 


TTCA SW FAILED OPEN. 


®© Translation capabitity in AGS lost. 


RELAY BETWEEN TTCA & 
CES FAILED. 


® Applicable to AGS control only. 


eUse alt TTCA for transla~ 
tions. 


Assumption: All DPS burns are ini~ 
tiated in PGNS. 


YES 


ps [2] Stabilize tw. | 


@ACA-hardover, if required 
@GUID CONT-AGS 


Can LM be controlled? 


Abnormal dynamics 
during MPS thrusting 


3 
ENG GMBL It-on? 


4 | NO 
Cont being regained? 
YES 


16] Stabitize LM. 


@ACA-hardover, if required. 
@GUID CONT-AGS 


Yes f1t] Stabilize LM. 


@ACA-hardover, if required 


@ENG GMBL-OFF, then 
ENABLE 


LGC TEST 


a GUID CONT sw? 
A 


GS 


0] PGNS available? 


113] Regain control 


No GUID CONT-PGNS Q AGS/CES FAILURE SENG GMBL- OFF 
@GUID CONT - PGNS 
Reduce throttle or termi- 
nate thrusting. 
[a] Sabie] sen SELF-TEST 
@ACA hardover, if required. 
[16] Select DIRECT mode. 


YE 
BAL CPL -ON? a 


[15] BAL CPL-ON 
LM stable? 


@ATT CONT (affected 
axis) - DIR 

FDAI on backup chart 

trajectory? 


YES 


YES NO = 
Possible RCS TCA it. 
} Manually control affected 0) 
+ X-THRUSTER FAILED. 19 AEA/ASK FAILED, veg Aart 
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PROCEDURE 


7 ves 121 vs fF) og 
OPS firing? . ‘ 
CES DC or INVERTER It - on? GDA POWER FAILURE ®Monitor RCS for excessive 
NO 


consumption. 


No go 7 | Select alt inverter if 
TRANSIENT DRIVE SIGNAL INVERTER It - on 
OR CWEA FAILURE 


ENG GMBL 


YELLOW 


Light on if there is dis- 
crepancy between gimbal 
drive signal & gimbal re- 
sponse signal 


RCS thruster firing and/or 
FDAI error needles oscillate 
around one edge of 1° 


deadband? @cb (11) EPS: INV 1 - close 


3 | (2) 
GDA/DECA FAILURE 


@ INVERTER - 1. 


oO Eng armed? 


ro] @ENG GMBL - OFF 


ENG GMBL It - off? 
YES 


® 
Fi] desea S| 


CWEA FAILURE 
@ENG GMBL - OFF 
@ENG ARM - OFF 


E —_— raise | 
NO 
GDA/DECA FAILURE 
ENG GMBL It - off? ©Confirm gimbal position 


YES with MSFN. 


TRANSIENT DRIVE SIGNAL 


9 


No MPS shutdown 


APS J 3] Remove power. 


ol Manual shutdown No 
@cb S/C: AELD (2) - open. 


‘@Eng STOP pb-pus! 
@ENG ARM - 
Verify ABORT (ABORT STAGE) pb - reset 


Eng shuts down? 
YES 


@cb (11) S/C: DECA PWR - 


od Tt9 S/C: DES ENG 
@) OVRD - open 


AGS. u 
Premature MPS 8 | GUID CONT sw? 
ignition Ck AEA eng status. 


@DEDA C 343R = 
+ 


DOUBLE FAILURE IN CES 


oO Subsequent AGS burns: 
8 | @Use ENG ARM as aff- on 
AEA ISSUING ENG -ON CMD. eng cont. 


7 @) 


, @ATT MON - AGS 
Orig symptom premature @MODE CONT (AGS) - ATT 
HOLD Zz 


ignition? 


AGS ENG FOLLOWUP DIS- 
CRETE FAILED. 


[13] Ck LGC eng status. 


@V01 NOIE 115] Subsequent burns: 


NE 
RI = AXXXX @Use ENG ARM as on-off 
SHC ASYS RLY FLED 


NO 


(4) 


17] 
ENG ON-OFF CMD Subsequent PGNS burns: 
PROBLEM Use ENG ARM as off-on 
eng cont. 


PROCEDURE 
CONTROL ELECTRONICS SECTION 


1 September 1970 Change Date 


Basic Date 


1) Light is inhibited when ENG ARM - 
OFF. 


Mission rules dictate crew action. 
Continuation of powered descent 
will result in abnormal RCS fuel 
consumption and possible viola~ 
tion of thermal constraints. 


Q) tt is possible to distinguish be- 
tween these failures by resetting 
ENG GMBL It. (ENG GMBL - OFF, 
then ENABLE.) 


4) CW monitoring of GDA tost 


(5) 1 may be possible to reset gimbal 
position, using alternative guidance 
system and MSFN information. 


Assumption: Burn was terminated 
on premature ignition (except dur- 
ing lunar ascent). Whether crew 
will reattempt burn at TIG will be 
mission rule. 


@ Failure of MPS to shut down auto- 
matically will also result from fail- 
ure of cb (16) S/C: ENG ARM. If 
this circuit breaker is open, man- 
ual starts and stops will be required 
for subsequent burns. Delay arming 
engine until TIG. 


AGS attitude hold and automatic on 
- off capability lost. 


‘O) AGS - controlled burns unaffected. 
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PROCEDURE 


SYMPTOM 


10 


No MPS ignition at 


IG = 


0; ® Failure of MPS to start and stop 

Manual shutdown automatically will also result from 
a failure of cb (16) S/C: ENG ARM. 
When burn complete: If this circuit breaker is open, man- 
@Eng STOP pb-push ual starts and stops wilt be required 
@ENG ARM- QFE for subsequent burns. Delay arming 


Verify ABORT (ABORT STAGE) pb- engine until T1G. 
feset 


6 | Subsequent burns: 


@DPS-Arm via ABORT pb. 
@APS~Arm via ABORT STAGE pb. 
@Use auto eng-on cmd for ignition. 


[1 | Manual start 


Eng START pb-push 


Eng starts? 
NO 
| 4 Redundant arming signal 


@ABORT pb-push (DPS) 
@ABORT STAGE pb-push (APS) 


Eng starts? 
NO 


a AUTO ON - OFF CKTRY FAILURE. 


o ENG ARM SW CKTRY FAILED. 


[8 | Subsequent DPS burns: 
@DES ENG CMD OVRD-ON at TIG 


YES YES 
3 | CMD still FTP? | DECA RELAY FAILED 
NO 


Throttle up & attempt to 


match ENG THRUST & CMD 
THRUST ind, 


MSFN will advise if maximum thrust 
/fixed gimbal DPS staris are ex- 
pected. No APS burns are possible, 
due to double CES failure.  de- 
scent engine override is used to 
start first DPS burn, supercritical 
helium may not be pressurized. 


DECA POWER OR RELAY K10 
FAILED. 


@) OPS throat erosion is expected to 

decrease command thrust 1% be- 
tow timeline and engine thrust ss 
5% below timeline, With maximum 
abnormat propeltant pressures, 7% 
difference could be nominal. 


ENG THRUST & CMD 


THRUST ind do not 
agree/off schedule 


Early throttle down to 10%? 


>7% 


ENG THRUST & CMD 
THRUST ind both low? 


10) . 1] 
3 | Use alt TTCA ANTO.LOGIC FAILED: 10°0 Throttle up & fly manual 


profile 
@MAN THROT- other 
Position 


P YES 112] 
ENG THRUST ind = CMD 
THRUST ind? TTCA FAILED 


NO 
@) 


AUTO LOGIC OUTPUT LOW 


© Advance TTCA until ENG 
THRUST ind == FTP 


al sant 
. R 
(2) (2) @) MSFN monitors OPS performance. 
YES ri7] 


ENG THRUST, CMD THRUST, 
& T/W ind remain static/ 
off schedule? 


a AUTO LOGIC FAILED 


ENG THRUST or CMD 
THRUST ind static while 
other ind & T/W ind norm? 


NO 


YES 
a) IND FAILED 


ENG THRUST ind - 10% 
CMD THRUST ind - FTP ga 


5 Throttle down occur? 


ENG THRUST/CMD THRUST 
ind readings? 


BOTH ind -10% 
0] 


ENG THRUST ind 
BOTH ind-FTP Jc CMD THRUST ind 


}22] Use alt TTCA 


MAN THROT - other 
position 


ENG THRUST ind = CMD 
THRUST ind? 


26 | Throttle up 
CMD THRUST ind decr? 
YES 


DEGRADED OPS/HARDWARE 


SYMPTOM PROCEDURE 


CONTROL ELECTRONICS SECTION 


Switch to manual throttle 
& fly manual profite. 


YES 


@) DPS should not be operated for 
more than 25 seconds in nonthrot- 
tleable range. 


AUTO LOGIC FAILED TO 
FIP 


a THRUST ind = FTP? MANUAL LOGIC FAILED 


NO 


THROTTLE ACTUATOR FAIL- 
ED OR MANUAL THROTTLE 
FAILED TO 100% 


Switch ta manual throttle 
& fly manual profile. 
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[| __ssywrrom PROCEDURE REMARKS 


' 
12 I Sporadic jet firings are pos- 
u © © sible if both power supplies 
I 1] no [2] failed, 
PRE AMPS CES AC It-on? ONE OR BOTH —47-v0C 
PREAMP BIAS POWER 


SUPPLIES FAILED. 


Light on if either —47- 
vde power supply is out 
of tolerance 


! 
YELLOW YES 
I 
I 
t 


| 
13 (1) I @ If AGS is in control, true CES a~c 
1 No o YES failure causes loss of damping. 
Rate displays null? 
CES AC Reset light & perform rate SINGLE-PHASE ATCA POWER 
gyro test, NO SUPPLY FAILED. C2) AGS control of LM last, but AEA 
RED GUID CONT -PGNS Heel for computation purposes 


@GYRO TEST POS RT-POS RT 
Observe rate needles & 
light. 


CES AC It remains on? 
YES (5) 
@ [5] Reintiatize CWEA dy [6] 


Light on if ATCA a-c 
power supplies are out of 
tolerance 


@ RR usable only in LGC mode. Shaft 
and trunnion power lost in SLEW 
and AUTO TRACK. 


® Subsequent CES a-c monitoring 
lost. 


@cb (16) INST: CWEA-open, @Make smail mnvr via PGNS 


POWER SUPPLY VOLTAGE 
OUT OF TOLERANCE (1d OR 


owen Faure then close rate mode. a 
CES AC it remains off? 36) OR Ip OF 3q FAILED. 
i "@@ 


@) Resetting ch (16) INST: CWEA 
causes MASTER ALARM — on. 


@® Rate gyro assembly will probably 
not restart after shutdown. 


TRANSIENT CONDITION 


POWER TO RATE GYRO 


FAILED. ® FDA! rate needles are invalid, but 


rates may be displayed on error 
needles via V6OE (full-scale deflec- 
tion = = 1.25°/ sec), 


oO 
12 | Reintaize CWEA. 


@cb (16) INST: CWEA~open, 
then close = 


CES DC It remains off? 


YES 


Testa) 


@GUID CONT-PGNS 

@GYRO TEST POS RT-POS 

aj 
CES DC It remains on? 


YES 


ATCA POWER SUPPLY 
(=15Y, +-6V, AND/OR 


1) Resetting cb (16) INST: CWEA 
+4.3M) FAILED, 


* causes MASTER ALARM — on. 


Light on if ATCA d-c 
power supplies are out of 
tolerance 


@) AGS attitude control lost. 


® Subsequent APS burns should be 
started manually. 


Enable throttle actuator. 


@Eng STOP pb-push 
@ENG ARM_DES 


MSFN reports throttle at |NO 
max? 
Molo 


@) 


@ Subsequent CES d-c monitoring 
lost. 


CWEA FAILURE TRANSIENT CONDITION +-6V ATCA POWER SUP- 


PLY FAILED. 


® This transient condition may 
have caused throttle to lock in 
100% position. Cycle cb AC BUS 
A: DECA GMBL and/or check 
throttle position with MSFN. 


st15V OR +4.3V ATCA 
POWER SUPPLY FAILED. 


@) DPS and APS operation is normal in 
PGNS. 


2) Ps fixed at maximum throttle with 
gimbal locked. 
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5.2.5 DESCENT PROPULSION SECTION 


5.2.5.1 General 


e@ Double failures are not considered. 

e During descent engine burns, continue the burn unless it becomes 
apparent that an explosion could occur. 

e The DPS is loaded with helium and propellants according to prescribed 
values. 

e The DPS has been checked before use. 

e The status of all tb's has been checked and verified before entering 
the tb malfunction procedures. 


5.2.5.2 Assumptions 
5.2.5.2.1 Off-Nominal Helium Pressure, or Propellant Temperature or Pressure, Indication 


e Large leaks are not considered. 

© These are troubleshooting procedures intended to locate, identifv, and 
isolate off-nominal conditions that do not trigger the CWEA or provide 
discrete malfunction indications. 

e The crew does not enter into this symptom unless they have had an 
obvious off-nominal condition. 

° Heat or cold-soak is not a malfunction. 


5.2.5.2.2 DES REG Warning Light 
e The DES REG warn lt CWEA logic has been enabled bv the first descent 
engine arming, since CB INST: CWEA has been closed. 
e The LM has not staged. 
5.2.5.2.3 DES QTY Warning Light 
e If the light goes on when the engine is firing, shut down the engine 
when propellant quantity remaining reaches 6%, to avoid possible 
engine explosion, 
5.2.5.2.4 Abnormal PQGS Indication 


@ Quantity indications are not reliable until after ullage settling. 


Table 5-5. DPS Procedure Entry Sheet 


[ Sym Page | 
ane Symptom No. No. | 
DES REG warn It L 5.2-24 
Fuel/oxid press abnormal la 5.2-24 
Fuel/oxid temp abnormal 2 5.2-25 
He press abnormal 3 5.2-25 
DES He REG 1 (2) tb - bp 4 5.2-25 
DES He REG 2 (1) tb - gray 5 5.2-25 
DES QTY warn lt 6 5.2-26 
PQGS ind abnormal 7 5.2-26 
FUEL VENT (OXID VENT) tb - abnormal 8 4 5.2-26 
ee | 
Basic Date 1 September 1970 Change Date 15 January 1971 Page 5,.2-23 
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PROCEDURE 


SYMPTOM 


YES Ww re; ress| NORM 
1 OPS firing? [2] ‘Sw regs & ck prplnt press 
@DES He REG 1 (2) - CLOSE; 
1 NO tb- bp 
I @DES He REG 2 (1) - OPEN; 
RED | tb - gray 

Light on if regulated He ] ‘@PRPLNT TEMP/PRESS MON 

I 


® Light is enabled when unstaged and 
after ENG ARM - DES for first time, 
or ABORT pb has been pushed {en- 
gine-arm signal-enabling logic 
delayed until 6 seconds after en- 
gine-on command is issued). 


press <220 or > 260 psia - DES] & DES2 
5 j oH 
ee 

NO 


oa He/PRPLNT LEAK 


@) If descent regulator fails open 

(pressure >260 psia), regulator SOV 
must be closed within 5 seconds to 
prevent SOV from freezing open or 
damage to seal. 


@ Helium regutator redundancy is lost. 


(4) It there will be second OPS bum, 

close both regulators until just be- 
fore burn, to prevent possible loss 
of helium through relief valves, 


Assumption: Ambient helium 
squib blown, 


[a] tose eves] [S] thab pas 


@DES He REG 1 (2)- CLOSE; | yo [SHELIUM MON - AMB PRESS | yp NOT CWEA/INST (OES REG 
tb~ bp Amb press >900 psia Amb He press low or decr? PRESS) FAILURE 
Superit squib blown? YES 


Ck prpint press. 


® If DES REG It remains on after initial 
ambient helium pressurization, low 
propellant pressure may have been 
cause. Verify with MSFN before mak- 


DES He REG 2 FAILED @PRPLNT TEMP/PRESS MON i 
CLOSED The ace 14} ing DPS burn. 
NO He LEAK UPSTREAM OF 
Prpint press low or decr? CHECK VLVS @ Source of leak cannot be identified. 
YES 


@) (8) (O) Descent helium will leak ee 
regulators are opened. Verify with 
5 Prpint press? o He / PRPLNT LEAK MFSN before selecting regulators. 


Before DPS burn: 


NORMAL © DES He REG 1 (2) - OPEN 


18 
@DES He REG 1 (2) - OPEN 
while monitoring prpint 
press, then CLOSE 


Prpint press high? 
=) 


DES He REG 1 (2) FAILED 
OPEN 


@) MSFN and crew can distinguish 
between these two failures. Crew 
can determine failure by monit- 

oring SUPCRIT PRESS and AMB 

PRESS on HELIUM ind. 


CWEA/INST FAILURE (DES 
REG PRESS) OR He LEAK 
UPSTREAM OF CHECK VLVS 


YES 
YES 
[aT ox na ves (2 fea] Gose He ress] @) 
PRPLNT TEMP/PRESS MON FUEL & OXID PRESS agree? DES He REG 1 (2) - CLOSE | vq ff 24 

=e NO Supcrit squib biown? DES He REG 2 FAILED OPEN. 
ASC temp & press normal? 


NO 


NO 
25 | 26 27] Ck amb He press. 
IND FAILURE 4 127] 
=) wore | Cees °HELIOM MON -AMB PRESS] 
YES 


Amb press >900 psia? 


YES 
El He / PRPLNT LEAK 


Fuel/oxid press ab- 


normal 


Pressurized: 
> 255 psia 
< 235 psia 
Unpressurized: 
Fuel < 60 psia(@50°F) 
Oxid < 35 psia (@ 50°F) 
Fuel/oxid AP: 
> 50 psid 


FUEL/OXID PRESS INST 
FAILED. 


DES He REG 2 FAILED 
CLOSED. 
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Descent tanks No. 1 are located 
a+ Y&a~Z 

Descent tanks No. 2 are located at 
—Y&42 


yy ching 


@PRPLNT TEMP/PRESS MON 
- ASG 


ASC temp & press norm? 
NO 
5 


Fuel/oxid temp 
abnormal 


At between both fuel (oxid) 


ind <10° F? lf possible, reorient LM to 


bring affected temp within 
limits before DPS burn 


>90° F 
<50° F 

Fuel/oxid At 
>10° F 


@) Use unaffected temp to estimate 
temp of failed tank sensor. 


FUEL (OXID} TEMP INST 


IND FAILURE FAILURE 


[one] tere 


@HELIUM MON - cycte thru [YES | eps He REG 1 (2) - CLOSE; 


ASC positions tb - bp 3] NO 
SUPCRIT he 
ASC press & temps normal? Abnormal sys? Supcrit squib blown? 
NO @ 
IND FAILURE a LEAK OR INST FAILURE 


NO 
7 | Ck prpint press. 
@PRPLNT TEMP/PRESS MON (3) 


- DES 1 & DES 2 8 | 
YES 
Fuel/oxid press decr? He/PRPLNT LEAK 


NO 


He press abnormal 


(1) MSFN can distinguish between 
these failures. 


Supcrit: > or < timeline 


Amb: >1750 psia 
<1300 psia {unpress) 
<200 psia (press) 


(2) des REG It and fuel/ovidizer pres- 
sure are only indications of ab- 
normal helium pressure. 


Source of leak cannot be identified. 


He supply will not be depleted with 
descent regs closed. Open descent 
regs just prior to burn. 


He LEAK UPSTREAM OF 
CHECK VLVS & BELOW SOV 


2] Amb squib blown? 


YES 


113] Ck prpint press. 


@PRPLNT TEMP/PRESS MON 
DES] & DES2 


HIGH 
7 
AMB He INST FAILURE OR 
YES 
4) He TANK LEAK 5] He press decr? 


: Fuel/oxid press decr? 
NO 
NO 


NO (5) 
16 


He LEAK OR AMB He INST 
FAILURE 


HEAT SOAK 


C5) if DES REG tt comes on, failure is 
helium leak upstream of check 
valves. 


If ambient helium squib valves are 
fired, supercritical helium will be 
lost through same leak. 


2) Verity with MSFN before selecting 
‘regulators. 


Do not fire amb He squib 
vivs. 


He TANK LEAK, 


Just before burn: 
@DES He REG 1 (2) - OPEN 


AMB He INST FAILURE, 
OR COLD SOAK 


g He REG 1 (2) SOV FAILED 
CLOSED OR TB FAILED. 


Helium regulator redundancy may 
be lost. Failure can be confirmed by 
decreasing fuel/oxidizer pressure 
during burn if DES He REG 2 is not 
opened. 


@DES He REG 1 (2) - CLOSE 


DES He REG | (2) tp - bp then OPEN 


| 3 | Reconfigure regs. 


@DES He REG 2 (1) - OPEN 
@DES He REG 1 (2) - CLOSE 


TB still bp? 


BP abnormal when reg in 
use 


He REG 1 (2) SOV INADVERT - 
ENTLY UNLATCHED. 


DES He REG 2 SOV is open if 
ambient helium tank pressure is 
approximately equal to super- 
critical helium pressure after 
first descent engine burn has 
been initiated. 


DES He REG 2 (1) th - 
gray 


@DES He REG 2 (1) - OPEN, 
then CLOSE 


He REG 2 (1) SOV FAILED 
OPEN OR TB FAILED 


Gray abnormal when reg 
not in use 


He REG 2 (1) SOV INADVERT- 
ENTLY UNLATCHED. 
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C£) ight is inhibited when PRPLNT 
QTY MON - OFF or when staged. 
DES QTY it should go on when POGS 
reading is in 4% to 
‘% range 
Q@) If PQGS is turned on before pro- 
Pellants are settled, DES QTY It 


will come on if a low tevel sensor 
is exposed. 


[1 [Reset low level sensor 


When prplnts settle: 
@PRPLNT QTY MON - cycle 
OFF, then DES 1 


DES QTY It ~ on? 
NO 


@PRPLNT QTY MON - DES 1 
BDES? =a 


Fuel or oxid qty 7%? 
NO 


YES @ PRPLNT LEAK OR DEGRADED 
ENG PERFORMANCE 


Light on if burn time to 
prpint depletion <2 min 
at 25% thrust 


Low-level indication is erroneous. 
Monitor fuet/oxidizer numerics. 


CWEA OR LIQUID LOW- 
LEVEL SENSOR iN PRPLNT 
TANK FAILED ON, 


7 G) i 


0) Quantity readouts are reliable only 
under +X-acceleration. Fuel read- 
ing may indicate up to 5% low 


ves [2f Ckaltsource. | (2) 


PQGS ind abnormal DPS firing? @PRPLNT QTY MON - other 3 | oO for ==10 minutes after initial turn- 
DES position = OPRPLNT OTY MON - on. PQGS duty cycle is 45 minutes 
——— YeS | QTY PROBE IN AFFECTED god on, 15 minutes off. 
¥0 TANK FILED 3B 


@ Use good system to estimate quan- 


NO tity of failed tank. 


Both fuel tanks >5% dif- 
ferent from both oxid tanks? 


PRPLNT LEAK OR DEGRADED 
ENG PERFORMANCE 


Continue DPS burn. 


- 3) C3) es ary tis unattected. 
NK (ONE OR BOTH) 
oO Abnormai indication? ONE ZERO oO PQGS IND FAILED. 
BOTH 
zRO (4) 4) bes ary tt may be inoperative, 


PQGS CONT UNIT FAILED. 


@PRPLNT QTY MON - other 
DES position 


QTY PROBE IN AFFECTED 


@PRPLNT QTY MON - good 
TANK FAILED. eS 


ss 


G) use fuel (oxidizer) to estimate 
quantity of failed system. 


SIG TO IND LOST 


@) Not applicable to zero-g condi- 
tions, 


NO 12] Recycle SOV. 


FUEL (OXiD) YENT - normal 3] 
sition 
Ee FUEL (OXID) SOV TRANSIENT 


TB - normal? 


NO 


FUEL VENT 
(OXID VENT) 
tb - abnormal 


Abnormal during venting? 


Abnosmat if: 

BP - before first 
venting or during 
venting 

Gray - after first 

venting 


Have vent squibs been 
blown? 


Fuel (oxid) press <20 psia 


FUEL {OXtD) VENT SOV FAIL- 
or decr? ED OPEN. 


Check vent viv after squib 
is blown. 


@PRPLNT TEMP/PRESS 
MON - DES } & 
Monitor fuel (cxid) press 


Fuel (oxid) press decr? 


@ Fracture mechanics timits may be 
exceeded due to heat soakback 
after tong burn, if fuet (oxid) tank 

is not vented. 


TB FAILED OR FUEL (OXtO) 
SOV TRANSIENT 


FUEL (OX1D} VENT SOV 
FAILED CLOSED. 
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ASCENT PROPULSION SECTION 


General 


e Double failures are not considered, except that in the ASC HI REG caut 
lt malfunction procedure a double failure (series-parallel regulators) 
causes the ASC HI REG caut lt to go on. 


e During ascent engine burns, continue the burn unless it becomes appar- 
ent that an explosion could occur. 


e@ The APS is loaded with helium and propellants according to prescribed 
values. 


e The APS has been checked before use. 


e The status of all tb's has been checked and verified before entering 
the tb malfunction procedures. 


Assumptions 
Off-Nominal Helium, or Propellant Temperature or Pressure, Indication 
e@ Large leaks are not considered. 
e@ These are troubleshooting procedures that cover off-nominal and 
anomalous conditions that do not trigger the CWEA or provide discrete 


malfunction indications. 


@ The crew does not enter into this symptom unless they have had an 
obvious off-nominal condition. 


@ Heat or cold-soak is not a malfunction. 
ASC PRESS Warning Light 


e If this light goes on during a non-mission critical burn, immediatelv 
shut down the engine. 


ASC QTY Caution Light 
e A malfunction does not exist if this light goes on at the nominal time. 


Table 5-6. APS Procedure Entry Sheet 


Sym Page 

L Symptom No. No. 
ASC PRESS warn It 1 5.2-28 
Fuel or oxid temp abnormal 2 5.2.28 
Fuel or oxid press abnormal 2a 5.2.28 
He press abnormal or decr 3 5.2-29 
ASC QTY caut 1t 4 5.2-29 
ASC HI REG caut it 5 5.2-29 
ASC He REG 1 (2) tb - bp 6 5.2-29 

u 
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Light on if either He press 
<2775 psia (before staging 
only) 


a] ore wrens 


@HELIUM MON - PRESS 1 

& PRESS 2 

Either He press< 2775 psia? 
YES 


Press deer in affected tank? 
YES 


Light may also have been trig- 
gered as a result of APS press- 
urization. MSFN can distinguish 
these causes. 


APS pressurized? 


[7] Close He regs. 
@ASC He REG 1 & 2- 
CLOSE: tb - bp 


He press stabilized? 
YES 


[a] th on pes] 
YES 


If unpressurized, select 
good tank 


@ASC He SEL - TANK ] or 
TANK 2 (good tank) 


He LEAK UPSTREAM OF REG 
SOV'S 


He LEAK BETWEEN REG 
SOV'S & CHECK ViVS 


He/PRPLNT LEAK 


2 

| 
Fuel or oxi temp ab- 4 ; NOL] temp inst ralvure or 
normal Fuel {oxid) press abnormal COLD SOAK 


l 
> 90°F I YES 
< 50°F ! 
Fuel/oxid St > 10° : 
I 
J 
l 


2a NO Ascent fuel or oxid temp YES 
@PRPLNT TEMP PRESS MON abnormal? 
Fuel or oxid press ab- - DES ] & DES 2 
normal 


YES 


HEAT SOAK OR COLD SOAK 


Pressurized: 
> 203 psia 
< 170 psia 


NO 
inesuict og 
< 110 psia (fuel) (50°F) IND FAILURE ‘ASC He R iz 
< 70 psia toxid) (50°F) ASC He REG] 62° GUISE ee 
Fuet/oxid AP >10 psia 


He/PRPLNT LEAK 


Q@) MSFN can distinguish between 
the failures 


PRESS INST FAILURE OR 
He LEAK DOWNSTREAM 
OF CHECK VLV. 


(2) Helium supply will deplete it both 
squids were fired. 


YES 


@ HELIUM MON - PRESS f 
& PRESS 2 


Either press abnormally low? 


He LEAK UPSTREAM 
OF REG SOV 


@) Verify with MSFN hefore selecting 
Tegs. 


He LEAK BETWEEN REG 
SOV'S & CHECK VLYS 
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(1) MSFN can determine which condi- 


g tion exists. 
PRESS INST FAILURE OR 
HEAT SOAK 


He press abnormal or 
decr 


@HELIUM MON - cycle 


>3300 psia 
< 2900 psia 


Terminate APS/RCS inter- 
connect. 


After APS burn completed, 
close regs & ck for teak 


4 | 
CWEA OR LOW LEVEL SEN- 
SOR FAILURE 


aq PROPELLANT LEAK 


YELLOW 


Light on when burn time 
<8 sec. 


@SYS A & B MAIN SOV - 
OPEN; tb - gray 

@SYS A & B ASC FEED 1 & 
2 - CLOSE 

@SYS A & B ASC FUEL & 

OXID th - bp 


q@ C/W indication of when to close 
ASC FEED valves lost. 


CT omer] 


@ASC He REG 1 & 2 - CLOSE: th ~ bp ASC He REGS FAILED OPEN. When fuel & oxid press < 220 psia: 
: DOUBLE FAILUR 
@PRPLNT TEMP/PRESS MON - ASC ( 6) @ASC He REG 1 & 2 OPEN: tb - 


Fuet & oxid press >220 psia? Bg individually to isolate failed 
NO 


YELLOW 


Light on if He manf press 
>220 psia 


Stren Stead 


@ASC He REG 1 & 2 - OPEN; th ~ gray 


CWEA/INST FAILURE 


ASC He REG 1 (2) 
tbh- bp 


He REG SOV UNLATCHED 


@ASC He REG 1 (2) - OPEN 


TB - gray? 


@) MSFN can distinguish between 
these two failures. 


TB/INST FAILURE OR He REG SOV 
FAILED CLOSED 
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REACTION CONTROL SUBSYSTEM 


General 


e The integrity of the RCS is verified before entering the off-nominal 
condition indicated in the "symptom" column of each RCS malfunction 
procedure. 


Assumptions 
RCS Caution Light 


e@ An RCS propellant leak can cause the RCS caut lt to go on, but this 
will only happen if a leak occurs when the propellant quantity is very 
low or if the propellant tanks rupture. (The probability of the pro- 
pellant tanks rupturing is very remote.) 


RCS TCS Warning Light 


@ A translation maneuver must be completed before any action is taken 
regarding the RCS TCA warm lt, except if two or more red tb's appear 
for the same RCS system (A or B). Appearance of the red tb's would 
indicate that the main SOV's or ascent feed vlvs unlatched or failed 
closed. 

e Crossfeed vlvs are not open. 

e Ascent feed vlvs are not open, except during +X-trans lation. 


Talkback Anomaly 


e The status of all tb's is checked and verified before entering the tb 
anomaly malfunction procedure. 


PQMD Off Nominal 


@ Temp compensation of the PQMD pressure xducer has considerable time lag. 
During periods of high propellant use, the PQMD may indicate 52 to 10% 
low for several minutes. 

e@ The PQMD malfunction procedure is primarily for detection of leaks and 
xducer failures. It is not applicable to off-nominal performance of 
the thrusters or digital autopilot. 


Off-Nominal RCS Propellant or Helium Indication 


e Ahelium reg failure is not considered in this malfunction procedure 
because the RCS: A & B PRESS ind are not sensitive enough to reflect 
regulated helium pressure changes less than 20 psia. However, the RCS 
A & B REG warm lt alerts the crew to high and low regulated helium 
pressure. 


Table 5-7. RCS Procedure Entry Sheet 


— 


Basic Date 


RCS caut lt 

He press low or decr 

PQMD abnormal 

RCS press or temp abnormal 

RCS A (B) REG warn lt 

RCS TCA warn 1t 

TB abnormal (QUAD) 

TB abnormal (MAIN SOV, CRSFD, ASC FEED) 


1 September 1970 Change Date 15 January 1971 


Symptom 


WW &wWdhd olan 
Sw Sb 

Wee meme ee me me) 
WWWWNHH DPD 


5.2-31 


Page 
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PROCEDURE 
1 
1 @) 


SYMPTOM 
5 
Either He press <1700? 6 | 
YES 


YetOW Shut down failed sys when 
NO YES 
13 RCS qty norm? oO He press <1400? o He LEAK 
YES NO 


I 
I 
i if He tank press 
Light on if He tank pi ! manf press reaches 100 
t 


<1700 psi (sys A or B) : 
psia. 
@Failed sys: MAIN SOV. 
He PRESS TRANSDUCER 
FAILED. 


C1) the direct and ACA hardover 
modes should not be used while 
trouble - shooting with this pro- 
cedure. 


CLOSE; tb-bp 


(2) Light is reset when TEMP/PRESS 
@CRSFD-OPEN; tb-gray 


He press low or decr MON is cycled to He. 


| 

! 

! 

If systems are decreasing I 
at abnormal rate, refer to | 
Abnormal Vehicle Dynam- 1 
| 

l 

} 


Oa 


Affected sys: 
ecb RCS SYS: QUAD 1, 2, 

3, & 4 TCA - open 
1b @RCS: SYS QUAD 1, 2, 3, 
& 4 - DISABLE: tb - bp 


NO 
PQMD abnormal 1] Ck POMD with He press @MAIN SOV - CLOSE; tb - bp He/PRPLNT LEAK ABOVE 
4 MAIN SOV 
@TEMP/PRESS MON - He NO 
Ck affected sys 
YES G) 


ics procedure. 


Affested sys: 

@MAIN SOV - OPEN: tb - gray 

@cb RCS SYS: QUAD 1, 2, 
3&4 TCA - close 

@RCS: SYS QUAD 1, 2, 3 
& 4- ENABLE: tb - gray 


@) tf helium pressure <1400 psia, 
leak is helium. If >1400 psia, 
source of leak cannot be identi- 

fied until system stabilizes, 


@ Translation capability fost in fol- 
lowing axes for loss of RCS sys- 
tem A or B. 


If systems are decreasing 
at abnormal rate, refer to 
Abnormal Vehicle Dynam- 
ics procedure. 


@TEMP/PRESS MON - FUEL 


PRPLNT LEAK BELOW Shut down failed sys when System A {System B 


) MANF & OXI MANF MAIN SOV fuel or oxid manf press 
reaches 100 psia 
15 Prpint manf press decr? 


NO 


Failed sys MAIN SOV- 
CLOSE; tb - bp 
@CRSFD - OPEN; th - gray 


PQMD FAILED iN AFFECTED 
SYS 


Y 
3) AGS loses + Z, - 
4) -Y 
5) ~X 


Following conditions apply to above: 

1) PGNS will not command eng- 
ine to fire. 

(2) Translation totally lost. 

(3) RCS thruster will fire, but LM 
will rotate and translate. 

(4) Translation totally lost. 

(5) Translation lost unless 

ATT/TRANSL - 4_JETS; then, 

two-jet translation will result. 


@) Use RCS quantity in unaffected 
system and helium pressure in 
affected system to estimate af- 
fected system quantity. 


CRSFD must remain closed 
to avoid loss of prpint from 
good sys. 


ABNORMAL USE OF SYS A 
{B) PRPLNT 


Affected sys: 
@MAIN SOV-QPEN; tb - 


gray 

@cb RCS SYS: QUAD 1, 2. 3 
& 4 TCA - close 

@RCS: SYS QUAD 1, 2, 3, 
& 4- ENABLE; th - gray 


Affected sys: 

@cb RCS SYS: QUAD 1, 2, 3, 
& 4TCA - close. 

@RCS: SYS QUAD 1, 2, 3, 
& 4 TCA-ENABLE; tb - 
gray 

fire thruster in affected 


sys. 
@cb RCS SYS: QUAD 1, 2, 3, 
& 4 TCA - open. 
@RCS: SYS QUAD 1, 2,3& 
4 TCA - DISABLE; tb - bp 


Shut down failed sys when 
fuel or oxid manf press 
reaches 100 psia. 


@Failed sys MAIN SOV - 
CLOSE; tb - bp 
e@CRSFD - OPEN: th - gray 


if ckind 


@TEMP/PRESS MON - cycle 


2] ck RCS gly] 


© Cross-check affected RCS 
Qty Sys. 


Qty low or decr? 
YES 


RCS press or temp ab- 
normal 


{3 ] Abnormal sensor? 


lad responds? 
NO 


Propellant temperature is indicated 
only in PRPLNT position. (Pointer 
drops to 20°F in other positions.) 
Use RCS It for low helium pressure 
and RCS A and B REG Its for high or 
low manifold pressure 


PRESS OR TEMP INST FAIL- 
URE 


RCS SYS A (B) TEMP OR 


Sys A & B temp = equal? 
PRESS IND FAILED. 


PQMD ABNORMAL 


Use temperature of unaffected 
system to estimate temperature of 
failed sensor. Use PQMD to esti- 
mate He pressure. Use alternate 
Pressure (prplnt, fue! or oxid manf} 
to estimate pressure of failed sen- 
sor. 


Do not fire thrusters if RCS 
prplnt temp: >100°F 
<40°F 


u 
o COLD OR HEAT SOAK 


SYMPTOM PROCEDURE 


REACTION CONTROL SUBSYSTEM 


Change Date _19 January 1971 _ Page 
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5. 2-32 


Basic Date 1 September 1970 


RCS A (B) REG 


RED 


Light on {for associated 
sys) if: 


He press ; 
>218 psia 
< 165 psia 


ad @ 


RCS TCA 


RED 
Light on if: 


One or more thrusters 
fail off 


Collinear thrusters are 
firing simultaneously 


5a 


TB abnormal 


QUAD 


5b 


TB abnormal 


MAIN SOV. CRSFO, 
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More than one tb red in 
same sys? 


YES 


G tsolate affected sys 


I 

I 

! 

! 

| 

1 

! 

I 

I 

| 

{ 

! @RCS: SYS A (B) QUAD 1, 2, 

! 3,4 -DISABLE; tb-bp 
@TEMP/PRESS MON - FUEL 

1] MANE & OXID MANF 

I If not interconnecting: 

i] @Affected sys: 

i] MAIN SOV- OPEN; tb-gray 

I if interconnecting 

I eAffected sys: 

i ASC FEED | or 2-QPEN 

{ 

{ 

1 

! 

l 

I 

! 

| 

| 

I 

| 

| 

I 

I 

| 

| 

! 

t 

I 


Mant press incr to norm? 


NO 


SYS A (B) FUEL OR OXIO 
MAIN SOV OR ASC FEED 
VLV FAILED CLOSED 


ASC FEED V 


MAIN SOV 


Affected sys: 

@MAIN SOV- CLOSE; tb-bp 

@CRSFD-OPEN; th- gray 

@RCS: SYS QUAD 1. 2. 3, 4- 
ENABLE; tb-gray 


QUAD tb red? 


Position 


eCycle sw & leave in desired 


PROCEDURE 


eTEMP/PRESS MON-FUEL 
MANE & OXID MANF 


<165 PSIA 


Ck affected sys reg press. 


1@TEMP/PRESS MON- PRPLNT 


SYS A (B) FUEL OR OXID 


MAIN SOV OR ASC FEED 
VLV UNLATCHED FROM 
OPEN POSITION 


| 13] Affected sys. 


@RCS: SYS QUAD 1, 2,3, 4 
-ENABLE; tb-gray 


Affected sys: 


RCS SYS A (B) REG FAILED 
CLOSEO. 


Ei INST FAILURE 


YES 


Abnormal vehicle dynamics 
or unusual thruster activity? 


NO 
@) 


Ck for jet off. 


{f in PGNS: 
@MODE CONT - ATT HOLD 
eV77E 
If in AGS: 
MODE CONT - ATT HOLD 
@ATT CONT (3)-MODE CONT 
Affected quad: 
@RCS: SYS QUAD - DISABLE, 

then ENABLE 
@ACA - cmd failed jet NO 


-on? 
YES (4) 


TCP SW FAILED OPEN OR 
JET FAILED OFF. 


fe] Recovwe J 


@CRSFD - OPEN, tb - gray 


@ASC FEED 1 or 2 - CLOSE 
@RCS: SYS QUAD 1, 2, 3, 4- 


ENABLE; tb-gray 


When APS/RCS interconnecting 


terminated: 


@CRSFD - CLOSE; tb - bp 


YES 


2 
a QUAD TB FAILURE 


| WARNING } 


Operation of RCS with manf 
press < 100 psia may 
cause TCA failure. 


Shut down failed sys when 
manf press reaches < 100 
psia. 


eFailed sys MAIN SOV- 


CLOSE; tb-bp 
e@CRSFD - QPEN; tb-gray 


@) 
5 


JET FAILEO ON 


| 8 | Isolate failed jet. 


Affected quad: 
@cb RCS SYS A {B); QUAD 
TCA ~ open 


e@RCS: SYS A (B) QUAD - 
DISABLE; tb-bp 


CWEA TRANSIENT 


() () 
fe eam aie 


@V25 NOTE 
FL V21 NO7 
®@load RI: 
1257E (if vertical jet) 
1260€ (if horizontal jet) 
FL V22 NO7 
Load R2 with octal code of 


failed jet. 
FL.V23 NO? 
@Load R3: 
1E (to disable) 
eVvage 
@PRO 
@V34E 


Light is inhibited if main SOV is 
closed. 


TEMP/PRESS MON - PRPLNT and 
monitor regulator pressure. 


(3) PRPLNT position of TEMP/PRESS 


MON is inoperative. Use fuel and 
oxidizer manifold pressure to mon- 
itor RCS system pressure. 


Procedure is for primary coil fail- 
ures only. Secondary coil failures 
are covered in Abnormal Vehicle 
Dynamics. 


Failure may affect PGNS only, AGS 
only, or both. If desired, switch to 
alternative guidance system, te- 
enable faited quad, and see whether 
symptom still exists. 


Alternative procedure— 
Affected system: 
RCS:SYS (affected quad) QUAD 
“DISABLE; tb-bp 
Thruster disable discrete to LGC 
may be reset by recycling RCS-sys 
(affected quad) QUAD - ENABLE; 
th-gray 


@ MSFN can determine failure. TCP 


switch failure affects talkback and 
RCS TCA It only. 


@) Octal code of failed jet: 


1U-100E | 4U-1E 
1D-200E | 40-2E 
1F-4E 4F~2E 
IL-200E | 4R~100E 
2U-20E j 3U-4E 
2D-40E | 3D-10E 
2A~-10E | 3A-1E 
2L-20E | 3R-40E 


When terminating APS/RCS inter- 
connect: 

If SYS A (B) MAIN SOV tb-bp, 
jeave CRSFD -OPEN. 

if SYS A (B) ASC FUEL or ASC 
OXID tb-gray, SYS A (B) ASC FEED 
1- CLOSE. SYS A {B) ASC FEED 2 
~ ASC FEED 2. 


E-300LM5-1015 


REMARKS 


! 
i 

ASC FEED | 
1 
! 
i 
I 
i VLV INADVERTENTLY OPENED OR 
1 CLOSED OR STICKY TB 
{ 
1 on 
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5.2.8 ELECTRICAL POWER SUBSYSTEM 
5.2.8.1 Assumptions 
@ Troubleshooting will be performed when mission phase and task loading 


VOLTS - low 


Bat tb abnormal 
INVERTER caut lt 


A-C voltage high 


Bus functions lost 


DC BUS warn lt (UNSTAGED) 


DC BUS warn lt (STAGED) 


BATTERY caut lt (UNSTAGED) 


BATTERY caut 1t (STAGED) 


Bat does not respond to switching 


permit. Accordingly, certain malfunction procedures will not be per- 
formed until a main engine burn or critical maneuver is completed. 


Malfunction procedures are entered from normal operational modes. Pro- 
cedures for checkout modes are not included. 


Inverter No. 2 is on line. 
No a-c circuit breaker opened before entering these procedures. 


In the case of loss of bus, recovery procedures for equipment other 
than EPS are not included (except for certain critical ECS recovery 
procedures indicated in symptoms 1 and 2 and for a recovery procedure 
for regaining EL lighting in symptom 4). 


A partial short as referred to in these procedures: (1) Affects either 
CDR or SE bus in such a way as to cause the bus voltage to drop below 
26.5 volts; (2) Does not draw current of sufficient magnitude to actu- 
ate the associated ECA overcurrent relay (150 to 200 amps per ECA). 


Table 5-8. EPS Procedure Entry Sheet 


5.2-36 


la 5.2-36 


2 5.2-38 
3 5.2-39 
4 5.2-39 


5.2-39 
5 .2-40 
5.2-40 


5.2-41 


5.2-42 
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Change Date 15 January 1971 Page 5.2-35 


LMA790-3-LM 


APOLLO OPERATIONS HANDBOOK 


: 
1 UNSTAGED Or! (1) Assumption: cb (11 & 16) EPS: 
_ CROSS TIE BAL LOADS - open 
1. fi] FATTER eo [2] YES | 4 [Determine affected bus If COR bus voltage is lost for > 20 
DC BUS DC FEEDER FAULT It - on? ECA OR DFR FAILED OPEN ‘@POWER/TEMP MON ~ minutes. Sublimator freeze-up 
NO CDR BUS, then LMP BUS Occurs: 
= to determine affected bus 
Light on if either ! (2) (3) @) Allow 5 minutes before closing 
both b ; 
cee | [5] onus vorage | G6) i ee 
I ‘@POWER/TEMP MON - CDR ePower down PGNS (AGS) CDR (SE) bus OK. Bats 3 and 
| BUS, then LMP BUS vo 18] BAT 6 (5) NORMAL CDR ® ad Pale eee 
I B - CWEA FAILED (LMP) FEED-ON; tb ~ gray 
Power up PGNS (AGS) 
la I ue 
! [8] ck amps on Tow bus. (4) DC BUS it remains on and subse- 
aces aus Wh ae he bus voltage C/W mon- 
a e ‘S itoring is lost. 
BUS VOLTAGE SIG CONDR 
<27.0 vde Amps high? FAILED 
I 
YES 
I (5) DC FEEDER FAULT It ma 
ly or may 
| 70] @ © not be on. 
eT [a] Rao s 
| sult FAN-2 wae cb (11) LTG: 
Power down UTIL - open 
OHEBE: TARE TWO? 4 SCOR BAT A HY 3 o ANUN/DOCK/COMPNT 
5 - - open ‘ 
SD vee ne| [eels One tae es 
t @cb (11) EPS: BAT FEED TIE GLYCOL PUMP 1 - open ‘LMP) bus failure. 
\ (2)-open , Yoo PUMP 2 - open ; 
! ge eens 
| DC FEEDER FAULT it - on? SEC S BD XMTR/RCVR - 
NO open 
a SECS BD PWR ANPL - 
open 
| VHF B XMTR - ope F 
i POWER/TEMP MON - ecb (11) PGNS: open @) Primary glycol loop is lost. 
| SHORT BETWEEN BAT 3 (4, BAT 3 (4, LUN BAT) LOG RDR - open 
LUNAR BAT) & ECA OR BCRA 9 RNDZ ROR = open 
I Voltage normal open 
\ No : YS IMU OPR ogee 
U - open 
! a BAT 4 (3) oc a) EPS: INV'I - open 
ech (16) EPS: CROSS TI 
| BUS - close 
I 16 Power up PGNS 
1 CONTROLLED SHORT BE- sae tala 
| TWEEN ECA OR BCRA & BATH PTT] con sus SHORT 
I 
I (2) (1) Remove 2.5 ampere-hours from 
[ie] Reconfigure] a rela a 
| @POWER/TEMP MON - @PRI EVAP FLOW 31 viv Isolate Feeder short 
i bats on low bus CLOSE between BATS & DFR 
Power down guid sys on @BAT 6 BACK UP LMP FEED 
| bad bus - ON; th gray ch (16) EPS: ASC ECA 
! (Bad bat} H! V-OFF/ RESET; ch (16) EPS: ASC ECA CONT - close 
1 tb-bp a CONT - close BAT 6 BACK UP LMP 
\ GLYCOL - INST (SEC) FEED - ON; th - gray 
i @WATER TANK SELECT @BAT 5 NORMAL LMP FEED F 
viv - SEC - ON; tb - gray @ Short is on battery whose talkback 
I ech ECS: GLYCOL DES BATS - DEADFACE; is not bp. Good battery was dis- 
I PUMP SEC ~ close tb- bp connected by overcurrent. 
| @SEC EVAP FLOW viv - 
ia 
I COR BAT 3 or CDR a. Immediately: : tae 
I LUNAR BAT (4) TB-BP (2) ecb ECS: LCG PUMP - YES }.NO 
| ASSOCIATED BAT SHORT e@Power down PGNS TEGRAL -ON 7 R 
\ @CDR BAT 4 HIV (3 or CDR ech/AC BUS A-TAPE (10) ce war ee 
LMP BAT 1 HIV | LUNAR — BAT)-OFF/RESET; RCDR - open Op eee acre 
\ an oa et oat SCR LAMAR @cb/AC BUS 8: NUM DES STAGE FEEDER SHORT 
| BAT (4 HI V/-OFF/RESET. LTG - open (except BETWEEN ECA & DFR (BATS 
then ON; thgray during eng burn or 3, 4 & LUNAR BAT CDR FEED 
- ePower up PGNS tndz & docking) LOST) 
| [2a] Reconfigure] ech (11 & 16) LTC: 
i Vepower down AGS ANUN/DOCK (11) Bat 1 and 2 power is available 
| | @LMP BAT 2 or LMP LUNAR /COMPNT - open [2s] Reconfi per step 32, 
I BAT (1 HI V)-OFF/RESET b. For subsequent master 
tb-bp Oy, alarms: @LMP BAT 1 HIV & 2, CDR 
@LMP BAT 1 HI V (2 or LMP @cb (16) LTG: ANUN/ BAT 3 & 4 HI V-OFE/RE- 
LUNAR — BAT)-OFE/RESET: DOCK/COMPNT - SET; tb-bo komad 
I then ON; tb-gray ~ close ech (11) EPS: BAT FEED 
I Power up AGS. c. Within 2 hours: TIE (2) - close 
| @cb/AC BUS A: GASTA @BAT 6 NORMAL CDR FEED 
I ~ open ~ ON; tb - gray 
| BAT 6 BACK UP LMP FEED 
i - OFF/RESET; th - bp 
cb (16) EPS: CROSS TIE 
[eps | Bus BUS - open 
= 7] FuNcrions 
=!) Lost 
| 
I A-300LM4-1006-) 
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[sero] PEE [ens 


1 UNSTAGED 


' 
! 11) 
cant | 
i (8X12) : 23) Reconfigure Communications wilt be lost for 
| 26) @BAT 5 BACK UP COR time required to bring up secon- 
| @Power down AGS FEED - QN; th - gray dary S-band or while trouble- 
I @LMP BAT 1 HI V & 2 or @cb (11) EPS: INV 1 - close Shooting. Option of remaining on 
LMP. LUNAR BAT - OFF/ @ INVERTER - 1 primary S-band, without commun- 
RESET; th-bp [27 @S BAND XMTR/RCVR ications, until LMP bus status is 
ech (16) EPS: BAT FEED TIE T = ascertained may be exercised. 
1 4°). open ee 7 @S BAND PWR AMPL - SEC 
i __INo OF LUN BAL) YES LMP BUS SHORT @S BAND VOICE - DN 
i DC FEEDER FAULT It - on? vOICe By 
\ YES NO-LMP BAT 1 HIV al Demo 
I (2 or LMP LUNAR BAT) 
| iL tatoems fy] htee 
I ecb (6 LTG: SHORT BETWEEN BAT 1 (2 FUNCTIONS L_EPS | 
i ied = OR LUNAR BAT) & ECA LOsT 
! open 7 
1 | scvtersrc, 
| AEA - open 
| ATCA open 24] 
It ch (16) COMM: 
i VHF A XMTR - open 
PRIM S BD PWR AMPL - 
I open 
! RIM S BD XMTR/RCVR 
4 - open 
i ecb ( S; 
INV 2 - open 
CROSS TIE BUS - close 
@Power up AGS 
! @cb (16+close above cb’s 
] as required 
1 
! 
i 
i 
] lsolate feeder short 
| between bats & DFR 
! 
| @cb (16) EPS: ASC ECA 
| CONT - close 
| @BAT 5 BACK UP COR 
! FEED - ON; tb - gray 
! @BAT 6 NORMAL COR FEED 
- ON; th - gray 
DES BATS - DEADFACE, 
tb ~ bp 
DC FEEDER FAULT hon? PLES 20 
i NO ® 
| (14) Bat 5 power is available through 
I 3) g normal feed when deadfaced. 
DES STAGE FEEDER SHORT ASC STAGE FEEDER SHORT 
BETWEEN ECA & DFR (BAT BETWEEN DFR & BUS (BAT . 
1 1 -& 2 OR LUNAR BAT LMP 4& 3 OR LUNAR BAT COR ©) Bat 6 (if COR feeder shorted) or bat 
' FEED LOST) FEED OR 1 & 2 OR LUNAR 5 (if LMP feeder shorted) power is 
i BAT LMP FEED LOST) available only through backup feed 
and should be so used before abort 
j (16) stage, to preclude placing bat 6 (5) 
; 5] Reconfigure 35] Reconfigure on shorted feeder. 
! @LMP BAT 1 HIV & 2, CDR DES BATS - CONNECT; 
ee ; iy HL V-OFF/ tb - gray Bat 3 and 4 power is available per 
! ecb (16) EPS: BAT FEED Tie step 32. 
(2) - close 
BAT 5 NORMAL LMP FEED- 
ON: th-gray To i 
i power both buses with descent 
| SAREE nie FEED- batteries only, remove nonessential 
j ecb (16) ES. CROSS TIE equipment until total load <50 
{ BUS. ; ‘ amp. (Two descent batteries will 
\ open not support two fully toaded buses.) 
i 
t 
t 
I 
! 
| 
| 
! 
i 
| 
i) 
| 
| 
! 
| 
j 
| B-300LM4-1006-2 
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REMARKS 


2STAGED ‘() (2) 


i} (4 
be BUS BATTERY It - on 


If COR bus voltage is lost for >20 
minutes,  sublimatorfreeze-up 
occurs. 


® 
Pe SCE 


@POWER/TEMP MON - CDR G4) 


no [2] 


OC FEEDER FAULT It - on? 


BUS, then LMP BUS g @) BATTERY it may not go on instan- 
RED 1 Bus wa low? CWEA FAILED. taneously with DC BUS It. 
‘ if eith | 
hee | (3) It coR bus tailure, SUIT FAN2, 
<265 volts t [5 | Ck amps on tow bus. (4) 
DC BUS ft remains on and subse- 
bat on low bus quent low bus voltage C/W mon- 
| NORMAL BUS VOLTAGE SIG CONDR itoring capability is lost 
rl FAILED. 
@) If failure occurs after PDI or dur- 
ing ascent mission phase, refer 
I f | ckbat voltage | to emergency procedure for CDR 
I Ck bat t's [8] ck bat votage o (UMP) bus failure, 
SHORT BETWEEN BAT & ECA 
! @BAT (5 & 6) NORMAL Voltage normal? 
| FEED tb - gray? 
l 
1 
| 
I 
i] @BAT 5 (6) NORMAL LMP Ck for norm feed oper or BAT 5 (6) NORMAL 
i (CDR) FEED - OFF/RESET. ECA failed FEED FAILED 
I then ON 
BAT 5 (6) BACK UP COR 
I 
| (LMP} FEED-ON; tb-gray 
| |____Bat current >0? | current |____Bat current >0? | 
I 
fis] —_Fetotigre 
Power down AGS (PGNS) 
BAT 5 (6) INADVERTENT e@BAT 6 (5) NORMAL CDR 
' DISCONNECT (MP) FEED - OFF/RESET; 
tb-bp 
| G); BAT 6 (5) BACK UP LMP 
| (CDR) FEED-ON:  th-gray Communications will be lost for 
] 16 Ck BAT 5 F @Power up AGS (PGNS) time required to bring up second- 
1 k BAT 5 & 6 tb's. oe @ bat) - OFF RESET ary S-band or while troubleshoot- 
{ tbh-bp ing. beige of remaining on | primary 
! eae eo wat Dit Satta ee crete 
! (2) (bad us}- open Ives vay be bint 
E y be exercised. 
i} FEEDER: SHORT Power down PGNS. 
P 
ee pe EE? Allow 5 minutes for gyros to stop, 
vik : before closing cb PGNS IMU OPR. 
I ; ech (il) LTG: 
| [21] Reconfigure] UTIL open 
A slg /COMPNT 
1 rane oe oe Sees 
| REVERSE CURRENT FEED - ON. th - gray ecb ne j Ts. : 
I ecb (16) LTC: GLYCOL PUMP 1 - open 
I FLOOD - open gan Aces 2- open , nen 
| ANUN/DOCK/COMPNT iu everse current only if buses are 
Fe SEC 7 BD XMTR/RCVR tied 
! open 
(16) $/ < open 
ty bs SECS BO PWR AMPL - 
ATCA - open open 
{ (16) COMME: VHF B_XMTR - open 
I OOP A XMTR - open cb (11) PGNS: 
I PRIM S 8D PWR AMPL it aries op : 
t > open . KY 
\ (72[ Reconfigure éoR ae S BD XMTR/RCVR Niobe ae 
i @PRIEVAP FLOW =! viv ~ BUS SHORT ech (16) EPS: @cb (11) EPS: INV I - open 
{ CLOSE INV 2 - open cb (16) EPS: CROSS TIE 
@BAT 6 BACK UP LMP FEED CROSS TIE BUS - close BUS - close 
| 
- ON, tb - gray LMP ePower up AGS @Power up PGNS 
ots. er ASC ECA ecb (16) - close as required @cb (il) ~ close as required 
close 
I @GLYCOL - INST (SEC) 
1 @WATER TANK SELECT 
| viv - SEC 
» ECS: GLYCOL [25] 
> Close @POWER,TEMP MON - BAT 5 
ee FLOW viv - 6 to determine faiied bat BAT 6 BATS 
! 2. Immediately. 
] @cb ECS: LCG PUMP - 
H oLTE OVERRIDE IN- [26] Reconfigure. 
| TEGRAL - ON @BAT 5 BACK UP COR @Power down PGNS @Power down AGS. 
‘ cb/AC BUS A- TAPE FEEO - ON; tb ~ grav @BAT 6 NORMAL CDR FEED @BAT S NORMAL LMP FEED - 
| RCOR - oper: @BAT 5 NORMAL LMP FEED ~ OFF/RESET; tb - op OFF/RESET; tb—bp 
! @cb/AC BUS B: NUM - OFF/RESET: tb - bp @cb (11) - Open all cb’s in @ch (1) - Open all cb’s in 
| LTG - open (except @cb (11) EPS: iNY } - rows 3. 4, & 5. except: rows 2, 3, & 4, except: 
j during eng burn or @iNVERTER - i cb EPS: cb EPS: BAT FEED TIE (2) 
I mdz & docking) @LMP AUDIO CONT - 3U BAT FEED TIE (2) ®BAT 6 BACK UP LMP FEED -| 
ecb (11 & 16) LTG: @S BAND XMIR/RCVR - SEC CROSS TIE BAL LOADS QN: th - gray 
! ANUN/DOCK @S BAND PWR AMPL - SEC CROSS TIE BUS @ch (16) EPS: CROSS TIE 
I /COMPNT - open @S BAND VOICE - DN VOICE @BAT 5 BACK UP CDR FEED BUS ~ close 
| b. For subsequent master BU ~ ON; tb - gray ePower up AGS. : 
I alarms: @7LM BIOMED - OFF ecb (16) Pe CROSS TIE co (16) - close as required 
i @cb (16) LTG: ANUN/ BUS - clase 
DOCK/COMPNT - @Power up PENS. 
I - close 6 ‘cb (11) - close as required 
! c. Within 2 hours: BUS 
| @cb/AC BUS A: SASTA lose 
- open 
= D-300LM5-1007 
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1 
3 UNSTAGED | (1) 1) Hold battery sw to OFF/RESET 
for at least 4 seconds, to ensure 
| iy atvainarne ves {24 Ck short. no L3L Attempt reset. YES § 4 | resetting of BATTERY caut It 
BATTERY © POWER/TEMP MON eFaulty bat - OFF/RESET, TRANSIENT ECA PROBLEM 
Any t's bp? ~ faulty bat then ON 
Low vo 
Light on if: YES NO rs) 
gat festtemperature I ECA FAILED. 
z= I 
Bat reverse current | 
>10 amp for 4 to 6 sec 1 6 | 
SHORT BETWEEN BAT 
ears | os ‘ae 
RESET; th—bp 
: 
I (2) @) Bat C/W monitoring capability lost. 
| @POWER/TEMP MON 
j -all bat positions NO 3] fa 
| TATRA Ian? CWEA FAILED. (3) Faiture affects C/W indications only 
! 
YES : 
I 
oO 
ol @ Subsequent battery - malfunction 
monitoring capability lost. However, 
| Faulty bat - OFF/RESET; | YES Faulty BAT Hi V-ON; BAT FAULT It operates normally. 
tb-bp tb-gray NO 12] TEMPORARY RELAY 
H VOLTS nvm? BAT FAULT It- on? CLOSURE IN. EGA 
{ NO YES 
1 Ow 
| fa Hs 
1 BAT LOST RELAY FAILED IN ECA 
t 
! 
! a2 
4 ED { 
STAG | @ Bat C/W monitoring capability lost. 


© POWER/TEMP MON 


i] -BAT 5 (6) 
: YELLOW ; BAT FAULT It- on? 
Light on if: | @) Monitor battery for decreasing volt- 
Eat overtemperature j age. If voltage starts to decrease, 
| remove battery from line and power 
Bat veverse current | REVERSE CURRENT. BAT bus from backup feed. 
>10 amp for 4 to 6 sec | LOST R t only if b 
a {erent cet current only if buses are 
150 to 200 amo : 
5 UNSTAGED 


Ck amps 


@POWER/TEMP MON - 
affected bat 


13 Aitempt reset 


@Faulty bat - OFF/RESET, 
then ON 


Bat tb abnormal INADVERTENT BAT TRIP OR 


TRANSIENT ECA FAILURE 


ASC pat th-gray and all 
DES bat tb - bp? 


Amps zero? 


ECA RELAY CONTACT OR TB 
FAILURE 


BAT 
| 10) RELAY KI CONTACT 
FAILED CLOSED. 


| 12 | To put DES bats on line. 


@cb (11) EPS: DES ECA 
CONT - close 

@cb (16) EPS: DES ECA 
CONT - open 

eDES BATS- CONNECT 

ea BAT 1 HIV & BAT 2 
-0 


sat aid rani’ 
Did this happen wher ASC 
bat was placed on line? 


To resture DES bats 


@cb (11) EPS: DES ECA - 


open 
@iMP BAT 1 HI VON 


LMP BAT ! th - gray? 


RELAY K2 CONTACT FAILED 
CLOSED. 


@LMP BAT 2-CN 
@COR BAT 3 & BAT 4 HIY 


ch (11) EPS: DES ECA ~ 


close | 15] To put DES bats on tine. 


CLOSE at “ ii 
ee haere ct) EPS: ASC ECA cb (11) EPS: DES ECA COR BAT 3 & BAT 4 HIV 
ol BAT! Hi V-N CONT - close CONT epg 7 
: os @DES BATS - CONNECT cb (16; EPS: DES ECA 
CONT - close 


@DES BATS - CONNECT 
@LMP BAT 1 HIV & BAT 2 


-ON 
@CDR BAT 3 & BAT 4 HIV 


LMP BAT | ib - gray? 


RELAY K1G OR K20 CON- 
TACTS FAILED CLOSED 


RELAY KI OR K2 FAILED 
CLOSED 
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1 
J 
. | @) Assumption: Inverter No. 2 is on 
! o no 124 yes | 31 _Select alt inverter ves 1-4 INVERTER NO. 2 If inverter No. 1 is operating, re- 
INVERTER EL failed ? @POWER/TEMP MON- cb (11) EPS: INV 1- close FREQUENCY FAILURE place all references to inverter No. 
AC BUS @INVERTER-L ’ 2 with inverter No. 1, 
YELLOW VOLTS-green band? INVERTER It-off? 
Light on if: 
Bus A a-c voltage 
<112 volts 
Frequency <398 
cps or > 402 eps 


@cb/AC BUS B: BUS TIE 
INV 1-open 

@cb/AC BUS A: BUS TIE 

INV 1-open 


INVERTER NO. 1 FEEDER 
SHORT 


© cb/AC BUS B: BUS TIE 
INV 1- close 

© cb/AC BUS A: BUS TIE 
INV 1--close 

cb (11) EPS: INV 1-close 

@ INVERTER ~ 1 


INVERTER It - off? 


[10] Select alt inverter. 


@cb (11) EPS: INV 1-close 
@INVERTER~1 


A-C voits norm? 


NO 


A-C voltage high 


(out of green band) 


cb /AC BUS B: BUS TIE 
INV 1 & 2-open 

@cb/AC BUS A: BUS TIE 
INV 2-open 


INVERTER It -off? 


@cb/AC BUS B: BUS TIE 
INV 1-close 

ecb /AC BUS A: BUS TIE 

INV 1-open 


Numeric Its brighten? 
ha [21] Reconfigure] 


@ INVERTER 2 

#cb/AC BUS A: BUS TIE 
INV 1-close 

@cb/AC BUS A & B: BUS 
TIE INV 2-close 

ecb (11) EPS: INV 1— open 


CWEA OR SiC 
COND FAILURE 


A-C BUS A SHORTED. 


BUS FUNCTIONS 
LOST 


aE RSeenneeeee 


ee ee 


SYMPTOM 


CWEA OR SIG 
COND FAILURE 


Q@® 
[9] Reconfigure. | 


@INVERTER-2 
@ch (11) EPS: INV 1- open 


INVERTER NO. 2 
VOLTAGE FAILURE 


@cb/AC BUS B: BUS TIE 
INV 1-close 


INVERTER It - off? 


NO 


A-C BUS B SHORTED. 


{22} Reconfigure] 


cb /AC BUS B: BUS TIE 
INV t-open 
@cb/AC BUS A: BUS TIE 


INV 2- close 
@INVERTER-2 
@cb (11) EPS: INV 1- open 


EPS 


BUS FUNCTIONS 
LOST 


PROCEDURE 


ELECTRICAL POWER SUBSYSTEM 


Basic Date 1 September 1970 


Change Date 


@ch (16) EPS: INV 2- open 


INVERTER NO. 2 


FEEDER SHORT 


ch (16) EPS: INV 2- open 


(2) INVERTER It remains on, 


® Monitor a~c voltage on VOLTS ind, 
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(1) @ Results in loss of battery control 


and loss of overcurrent protection. 
ASC BATTERY RESET SW 
ARM SHORTED TO GROUND 


Bat does not respond 


to switching ecb (16) EPS: ASC or DES 


ECA CONT - close 


cb (11 & 16) EPS: ASC or 
DES ECA CONT - open? 


@ Results in loss of battery contro! 
and possible loss of overcurrent 
protection. 


Isolate short 
@LMP BAT 1 HI ¥~hold in 


desired position 
oc (16) EPS: DES ECA 


CONT - close 


Cb remains closed? 


CONTROL LINE SHORTED TO} 


OPEN CIRCUIT IN CONTROL ROUND 


LINE, FAILED SWITCH, OR 
FAILED ECA 


Repeat step 7 for bats 2, 
3&4 


Cb remains closed? 


LOW VOLT SW ARM SHORT-| 
ED TO GROUND 


| 11 | To perform function 


@Affected bat - hold in de- 


sired position 
ecb iG) EPS: DES ECA 
CONT - close 
Perform function with re- 
Maining bats 
@cb (16) EPS: DES ECA 
CONT - open 
@Affected bat - release 


@ Results in loss of battery control. 


HI VOLT SW ARM SHORT-| 
£0 TO GROUND 
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SPECIAL SUBROUTINE 
SSR-1 


AC BUS B 


AC BUS B: SE WIND HTR 
He/PQGS PROPUL DISP 
He MON 
DES QTY 
$ BD ANT 
Auto/man ant slew 
ORDEAL 
AGS 
AGS att mon 
AOT LAMP (R) 
SE FDAI 
NUM LTG 
BUS TIE INV 2 
BUS TIE INV 1 


AC BUSA 


AC BUS A: BUS TIE INV 2 
BUS TIE INV 1 
AC BUS VOLT 
AC bus monitor 
CDR WIND HTR 
TAPE RCDR 
AOT LAMP (R) 
RNOZ RDR 
Auto/man ant slew 
DECA GMBL 
GDA lock-up 
Man throt 
Thrust to 100% 
INTGL LTG 
COR FDA! 
GASTA 
PGNS att & rate needles 
RNG/RNG RT ALT/ALT RT ind 


Basic Date _! September 1970 
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CDR BUS 


FLT DISP: ORDEAL 
COAS 
COR FDAI & alt needles 
GASTA 
PGNS alt & rate needles 
RNG/RNG RT ALT/ALT RT meter 
COR X - PNTR 
MISSION TIMER 
THRUST meter 


RCS SYS A: ASC FEED 1 
Last position 
ASC FEED 2 
Last position 
ISOL VLV 
Last position 
QUAD 2 TCA 
QUAD 3 TCA All close 
QUAD 4 TCA 
MAIN SOV 
Last position 


HTR: URINE LINE heaters 
RNDZ RDR STBY heaters 
RNDZ ROR OPR heaters 
LDG RDR heater 
DOCK window heater 
AQT heater 


INST: SIG CONDR 1 
Propellant tb’s 
Some ind 
Some CWEA Its come on 


STAB/CONT: ABORT STAGE {R, except no auto eng arm) 


ATCA PGNS 
LGC control of RCS 

AELD {R) 

ENG CONT 
OPS abort stage 

ATT DIR CONT 

ENG START OVRD 
Manual start 

DECA PWR 
DPS eng-on command 
DPS shuts down 
Eng to 100% throttle 
No auto-eng off 


ED: LOG GEAR FLAG 
LOGIC PWR A 
UTIL 
LTG: ANUN/DOCK/COMPNT 
Lighting (R) 


PGNS: IMU OPR 
IMU STBY 
LGC/DSKY 
RNOZ ROR 
LDG RDR 
SIG STR DISP 


COMM: CDR AUDIO center 
VHF A RCVR 
VHF B XMIR 
SEC S BD PWR AMPL 
SEC S BD XMFR/RCVR 
UP DATA LINK 


ECS: GLYCOL PUMP AUTO TRNFR 
GLYCOL PUMP 1 
GLYCOL PUMP 2 
CABIN FAN 
SUIT FAN I 


HTR RCS SYS A/B 1: QUAD 1 heater 
QUAD 2 heater 
QUAD 3 heater 
QUAD 4 heater 


EPS: DES ECA CONT (R) 
DES ECA (R) 
ASC ECA CONT (R} 
ASC ECA (R) 
INV 1 
DC BUS VOLT 


PROPUL: DES He REG/VENT 
REG — last position 
VENT — disabled 


ELECTRICAL POWER SUBSYSTEM 
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LMP BUS 


FLT DISP: EVENT TIMER/SE FDAI & 
rate needles 
SE X-PNTR 


RCS SYS B: ASC FEED 1 
Last position 

ASC FEED 2 
Last position 


aie : tt 
UAD 2 TCA 
QUAD 3 TCA Alt close 
QUAD 4 TCA 
CRSFD 

Last position 
TEMP/PRESS DISP FLAG 
PQGS DISP 

RCS qty 
MAIN SOV 

Last position 


PROPUL: DISP/ENG OVRD LOGIC 
MPS ind inoperative 
PQGS 


FUEL/ OXID qty 
ASC He REG 
Last position 
INST: SIG CONDR 2 
EPS tb’s 
Some ind 
Some CWEA its come on 
PCM/TE 
TM XMT 
Timing signals 
SIG SENSOR 
CWEA 
STAB/CONT: DES ENG OVRD 
ATCA (AGS) 
AGS stab cont 
ABORT STAGE {R, except no eng fire enable) 
ATCA 
RR-LGC mode Jost 
False TCA firings 
AELD (R) 
Auto APS commands 
ASA 
AGS 
ENG ARM 
OPS/APS auto eng ON/OFF 
DPS/APS shuts down 
AEA 


AGS 
ED: LOGIC PWR B 
LTG: MASTER ALARM 
ANUN/DOCK/COMPNT (R) 
TRACK light 
FLOOD lighting 
COMM: DISP 
S-bd ant 
SE AUDIO 
VHF A XMTR 
VHF B RCVR 
PRIM S BD PWR AMPL 
PRIM S BD XMTR/RCVR 
S BD ANT 
Auto/man ant slew 
PMP 
VHF rev 
S-bd xmtr/rev 
wv 


ECS: SUIT FLOW CONT 
wom protection 
P 


GLYCOL PUMP SEC 
CABIN FAN CONT 
CABIN REPRESS 
Auto repress 
SUIT FAN 2 
SUIT FAN AP 
DIVERT VLV 
Auto close 
CO. SENSOR 


EPS: DES ECA CONT (R) 


DES ECA (R) 
ASC ECA CONT (R) 
ASC ECA (R) 
INV 2 
DC BUS VOLT 
DISP 
Volts/amps 
Th's 
CAMR: SEQ 
HTR RCS SYS A/B 2: S-BD ANT heater 
OISP 
QUAD 4 heater 
QUAD 3 heater 


QUAD 2 heater 
QUAD 1 heater 
MESA heaters B-300LM4-1039 
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COMMUNICATIONS SUBSYSTEM 


1 Assumptions 


e@ Troubleshooting procedures such as checking sw's, ch's, redundant 
PTT pb's, redundant mode (VOX, PIT) alternative antennas, etc. are 
performed before entering malfunction procedures. 

@ These malfunction procedures do not assume a particular Communications 
Subsystem sw configuration other than that required to operate the 
equipment before entry into the procedures. 

e@ Malfunction procedures are entered from normal operational modes. 
(Procedures are not included for checkout modes.) 


Table 5-9. CS Procedure Entry Sheet 


Loss of ICS 

One crewman has abnormal (unselected) hot mike 
Loss of VHF voice comm with CSM 

Loss of S-band voice comm 

S BD RCVR caut lt 

Cannot acquire phaselock 

MSFN reports loss of PCM. S-band voice OK 


Loss of voice comm with EVA (one man EVA) 


CSM informs LM of VHF ranging loss 
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SYMPTOM PROCEDURE 


Loss of ICS 


@Use PTT button 


YES 7) vox 73] 4] 
CS OK? AUDIO: MODE sw? VOX CKT FAILURE =f @AUDIO: MODE- 1CS/PTT 
NO . 


ICS/PTT 0) 
15 | Establish intercom. 
T ; 
Crewman who cannot trans- 6 | HOT MIKE FAILURE 17] Troubleshoot. | 


eHUDIO: CONT - BU Each crewman individually: 
é eCheck comm with MSFN/ 


10S OK? YES CSM, using own audio cen- 


a) VOX mode may be available. 


NO ter with other crewman 
listening on backup. 
NO XMIT; NO RCV; 


RCV & XMIT OK 


10) 


AUDIO CENTER DIODE SW 
FAILURE 


HEADSET AMPLIFIER 
FAILURE 


@AUDIO CONT- BU For intercom: 
@AUDIO: CONT - BU 
For VHF/S-band comm: 


@AUDIO CONT - BU or NORM 


@AUDIO CONT-BU 


© Ck cable connections, 


One crewman has ab- 
normal (unselected) hot 
mike. 


@AUDIO CONT - BU 

@AUDIO: MODE - PTT {alt 
crewman) 

@Talk without keying 


@AUDIO: MODE- PIT 


@Cycle PIT switches indi- 
Talk without keying. 


vidually. 
@Talk without keying. 


Hear yourself? 


rr 
N 


PTT SW FAILED ON 


Hot mike in all modes. Continuous 
keying of S-band and simplex VHF 
when selected to T/R. Duplex'VHF 
is available at expense of in- 
creased power. DSEA should be 
turned off when not recording. 


| 8 | Affected audio center: 


@AUDIO: CONT - NORM 
UDIO: VHF (2) - OFF 
@AUDIO S BAND T/R - OFF 


VOX CKT FAILURE AUDIO CENTER MIKE 
AMPLIFIER CONTINUOUSLY 


KEYED 


INTERMITTENT PTT SW 


LOSS OF 


Loss of VHF voice comm 
with CSM 


@) Affects particular T/R function 
only. 


12 | Backup audio center 
@AUDIO CONT- BU 
(affected crewman) 
VHF voice OK? 


NO 


14] Regain voice comm. 


@Reconfigure for simplex 
A&B. 


VHF voice OK? 


SIG PROCESSOR FAILURE 
IN AFFECTED AUDIO CENTER 


| & | Regain voice on uplink. 


Request in blind or trans- 
mit on EMER KEY - MSFN 
configure for up voice 
backup. 

@UP DATA LINK-VOICE BU 


(2) @ All received VHF and S-band voice 


Establish S-band voice lost. 


comm with MSFN. 


Loss of VHF transmission from LM 
may be due to corona in the VHF 
transmitter. VHF A (B) XMTR - OFF 
for a period of 20 seconds and then 
ON may extinguish corona and re- 
Store use. 


UNRELATED DOUBLE 
FAILURE 


CSM OR LM VHF XMTR OR 
RCVR FAILURE 


PMP SHORT (REG 2 & 3 


Capability of simultaneously re- 
OUTPUT) 


ceiving up data and up voice lost. 
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Loss of S-band voice 


comm 


MSFN not within VHF 
range 
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7 YES [3] 
? 
sahil gichl COMM ANT: SIGNAL Wes 
NO STRENGTH - > 3.7 (steer- 
able) > 2.5 {omni}? 
: 
LOSS 
OF ICS 
CANNOT 
ACQUIRE 
PHASELOCK 


NO 


ves { 8] 


@€stablish VHF vcice comm 
with CSM. 


VHF voice OK? 


YES 


[11] Regain S-band up voice. 


@UP DATA LINK-VOICE BU 


NO 


XPNDR RCVR OUTPUT 
FAILED. 


YES 


@Request in blind MSFN 
configure for backup voice. 


30-KC DISCRIMINATOR 
FAILED 


Attempt voice comm via PM 
mixer. 


@S BAND VOICE-DN VOICE 


BU 
@TLM BIOMED -LEFT or 
RIGHT 


pil 


yes @ OOWN VOICE SUBCARRIER 


Attempt voice comm thru 
speech processor. 


©S BAND VOICE-DN VGICE_ 
BU 


TIM BIOMED - OFF 


Ox 


UNRELATED DOUBLE 


VOICE & DATA AMPLIFIER 
AivD/OR PM MIXER FAILED 


To obtain ranging: 


@S BAND MODULATE - PM 
5 BAND VOICE - OFF 


FAILURE 


1 3 Backup audio center 


@AUDIO CONT - BU (affected 
crewman) 


S-band voice OK? 


NO 


YES SIG PROCESSOR FAILURE IN 
AFFECTED AUDIO CENTER 


5 | Switch transceiver's 


COMM: S BAND XMTR/ 
RCVR - alt transceiver 


S-band voice OK? 


ORIG XMTR/RCVR 


YES FAILED. 


O10 


10 Regain S-band voice on 
uplink, 


PMP SHORT (REG 2 & 3 


@Request in blind that 
MSFN configure for backup 
voice. 

df DATA LINK -VOICE 
Bl 


OUTPUT} 


@Request MSFN configure 
for backup voice. 
@UP DATA LINK- VOICE BU 


@Requests CSM determine 
LM/MSFN S-band status. 


NO UP VOICE; 
DOWN VOICE OK 


UP VOICE OK 


oy ts Fi] 


@S BAND MODULATE - FM 


YES 
Voice & PCM OK? 
NO 


Attempt voice comm thru 
speech processor. 


@S BAND VOICE-DN VOICE 

ae ee aaa 125} 
TEM Bi - OFF 

@7UM BIOMED - OFF ie 


NO 


28) 
OIPLEXER TRANSMIT FAILED. 


PMP PM CKTRY FAILURE 


PMP REG #1 POWER 
SUPPLY FAILED. 


[28] To obtain ranging: | 


@S BAND MODULATE - PM. 
@S BAND VOICE - OFF 


NO DOWN VOICE; 


Loss or near joss of up voice is in- 
dicated by COMM ANT: SIGNAL 
STRENGTH-<3,7 (steerable) or 
<2.5 (omni) and noise in headset 
if S-band squetch is off. 


@ Affects particular T/R function only 


Allow 30 seconds to reacquire 
phaselock. 


@ All S-band up voice is lost. Voice 


contact with MSFN is available 
through CSM relay mode. 


6) Requires =+3 minutes. 


Up voice is available through up 
data link only. Simultaneous up 
voice and up data capability lost. 


Ranging lost while in FM. 


Down voice subcarrier operational 
instrumentation, PCM data, PM 
control, and FM controi fost. 


Biomed data fost. 


Emergency keying is still available 
{ch (16) COMM: PMP must be open). 
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3 
1 {t] ves — 92] Reset light. 
baits Sand comm retained? CWEA FAILED. @S BAND RANGE-OFF/RESET, then 
ae ENABLE 
NO if light not off: 
YELLOW | 5 BAND RANGE™OFF/RESET 
Light on if AGE <1.0 — 
5a I Assumption: VHF voice contacts 
y @) . @) with CSM were attempted. 
! omni — [5] Switch transceivers. | 


Cannot acquire phase- Antenna? 
lock 


STEERABLE 


]_©S BAND XMTR/RCVR - SEC (PRIN) | BAND XMTR/RCVR - SEC (PRIM 
s u Set ) NO 5 DIPLEXER FAILED. 
Phaselock? 


YES 


Signal strength <1.3 


Allow 30 seconds for phaselock ac- 
quisition. 


Antenna responds to manual point- 
ing cmds? 


[10] Select on stem. 


Select favorable omni antenna 
(V64E if necessary). 


ES it] 
¥ STEERABLE ANTENNA FAILED. 


NO 


12] 
DIPLEXER FAILED. 
[13] YES 14] 
This initial activation? ANTENNA LOCKING MECHANISM 
FAILED TO RELEASE. 
NO 


STEERABLE ANTENNA TOTALLY OR 
PARTIALLY IMMOBILIZED. 


o PRIM (SEC) XMTR/RCVR FAILED. 


@) All S-band functions lost. 


Simultaneous ranging and PCM cap- 
ability Jost. 


When ranging desired: 
©@S BAND MODULATE - PM 
@S BAND RANGE - RANGE 


MSFN reports loss of 


PCM. S-band voice OK @S BAND MODULATE~FM (PM). 


NO 


@) HBR (LBR) PCM lost. 


PCMTEA HBR (LBR) CIRCUIT 
FAILURE 


® S-band telemetry lost. 


6 | 
PMPOR PCMTEA FAILURE 


COMMUNICATIONS SUBSYSTEM 


Basic Date _1 September 1970 Change Date__ Page 


@ Notify MSFN of problem 

BU audio center: 

@ RELAY ON (12 or 8) — 
RELAY OFF 

Audio center: 

@ AUDIO: VHF B-T/R 

© COMM: VHF B XMTR 
— VOICE 


TOTAL VHF VOICE COMM 
FAILURE OF EVA OR LM 
(COMM CARRIER, EVA PWR 
SUPPLY, DIPLEXER, ETC) 


Basic Date 1 September 1970 


LMA790-3-LM 
APOLLO OPERATIONS HANDBOOK 


@ AUDIO CONT - BU 

BU audio center: 

@ RELAY ON (8 or 12) — 
RELAY OFF 


LM XMTR A OR LM RCVR B 
OR EVA XMTR B OR EVA 
RCVR A FAILURE 


© if MSFN originally report- 
ed no loss of EMU data, 
return to normal relay 
configuration. 


@ cb COMM: AUDIO (2)- open 

Connect to alternate crew- 
man's umbitical. 

© cb COMM: AUDIO (2} - 


COMM CARRIER OR SUIT 
HARNESS FAILURE 


LM may be reconfigured to 
backup- relay mode if 
desired, 


COMMUNICATIONS SUBSYSTEM 


Change Date 15 January 1971 


UMBILICAL FAILURE 


(1) EVA wii wait at teast 3 minutes fol- 
lowing communications loss before 
changing modes. 


Configures LM for transmission and 
reception on both VHF frequencies. 


CB) Loss of EMU data relay capability. 
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PROCEDURE 


a 
pads TM Gyn Perform VHF voice ck 


Voice ok? 


12 | 
MAXIMUM _ CAPABIL| so 
Is LM/CSM closing/opening aa Pregl eo @Reattempt acquisition 
rate >1800 fps? CEEDED when rate is reduced. 


@Request CSM initiate VHF ranging | NO CSM PROBLEM. RANGING 
TONES NOT TRANSMITTED 
TO LM 


@Request CSM verify ranging 
status ileal LOSS OF 


Ranging OK? 


NO 


@Recycle VHF A XMTR-OFF, 
ohne ee itis RITA PWR SUPPLY PROTECTIVE 
i |HUTDOWN 
ranging reset. S 


Ranging OK? 


NO 


1) ItRTTA feature has resulted in 


100% duty cycle on xmtr A, 
ranging operation, in excess of 2 
@Request CSM verify tone min at temperatures >67°F in- 


reception PROBABLE RTTA FAILURE dicated on ECS: GLYCOL temp 
ind, may result in xmtr damage. 
67°F on ECS: GLYCOL temp ind 
equals 100°F at ERA flange. 


Switching out range capability 
will enhance voice capability. 


FINE TONE PROBLEM IN 
RTTA OR CSM PROBLEM @VHE A XMTR - VOICE 
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5.2.10 ENVIRONMENTAL CONTROL SUBSYSTEM 


Table 5-10. ECS Procedure Entry Sheet 


H20 QUANTITY low or decr abnormally 1 5,2-50 
CABIN warn 1t 2 5.2+50 
CABIN PRESS - low or decr 2a 5.2-50 
CABIN PRESS —- high 3 5.2-51 
SUIT/FAN warn 1t 4 5.2-52 
SUIT PRESS - low 4a 5.2-52 
SUIT PRESS - high (egress mode) 5 5.2-52 
02 QTY caut lt 6 5.2-53 
02 QUANTITY - low or decr 6a 5.2-53 
ECS caut lt 7 5.2-54 
SUIT FAN lt Ja 5.2-54 
H20 SEP lt 1) 5.2-54 
co2 lt Te 5.2-54 
PART PRESS CO2 - high 7d 5.2-54 
GLYCOL comp lt Je §.2-54 
GLYCOL caut lt 8 5.2-55 
GLYCOL temp - high or incr 8a 5.2-55 
GLYCOL comp lt 9 5.2-56 
GLYCOL press - low or decr 10 5.2-56 
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qa) Assumption: No indicator failure. 

MSFN can verify indicator failure 
by reading pressure sensors via 
telemetry. 


H20 QUANTITY. 
low or decr 
abnormally 


@PRI EVAP FLOW #2 viv. 
OPEN, then CLOSE 
@SEC EVAP FLOW viv 
oth then CLOS! CLOSE 
Oo/H0 QTY MOK 
"nde 2 
Monitor for decay 


Ck ASC #1 & #2 HoO 


tanks, PRI EVAP FLOW. #2 OR SEC 


EVAP FLOW VLY LEAKS IN 
CLOSED POSITION. 


©02/H20 QTY MON-ASC }, 
then ASC 2 


Both tanks < full decal? 


MSFN can distinguish between 
failures when WATER TANK SELECT 
viv - ASC for = 1 hour. 


No OR Ho0 LEAK OR SEN- 


Ck ASC #1 & #2 Hp0 
SOR FAILGRE IN LOW TANK 


tanks, 


@02/H20 QTY MON- ASC 
1, then ASC 2 


Ck DES 
tanks, 


©02/H20 QTY MON- 
DES 1° then DES 2 


Both tanks low? 


#1 & #2 Ho0 420 LEAK DOWN-STREAM 


@When glycol temp incr, 
OF CHECK VLVS 


select ASC Hp0 


One tank steady & other 


decr? CLOGGED FEED LINE FROM 


STEADY TANK OR SENSOR 
FAILURE. 


No OR HoO LEAK OR SEN- 
SOR FAILURE 1N LOW TANK 


7] NO (2 | 
ee REPRESS CWEA FAILED 
YES 


| 4 Deact CABIN REPRESS viv 


i] 
I 

| 

| 

I 

l 

! cb (16) ECS: CABIN RE- 
| 

; 

I 

I 

t 

l 

1 

I 


Light on if cabin press 
<4.45 to 3.70 psia 


@) C/W monitoring of cabin pressure 
is lost. Monitor CABIN PRESS, 


3] PRESS - open 5 | | 6 | 
’ a ee A FAILED. 
CHa PRESS = lou! CABINTE- off? abies cb (16) ECS; CABIN RE- 


PRESS - close {if unstaged) 


YES 


Automatic — cabin-repressurization 
Capability lost. Automatic closing 
of SUIT GAS DIVERTER viv lost. 
CABIN It inoperative. 


Ho fa] tecotave 


CABIN PRESS low or decr Cabin relief & dump viv Ck cabin relief & dump vivs. SHORT BETWEEN CABIN RE- cb (16) ECS: DIVERT VLV - 
{fwd & ovhd) - CLOSE no | @Cabin relief & dump viv wv VLV & CABIN PRESS open 
i i ? (ovhd & fwd) - AUTO in- 
<A psia CABIN PRESS-still decr? dvitualy 


YES 
CABIN PRESS-decr? 7 


ty CABIN PUNCTURE 12] 
SELECTED RELIEF YLV LEAKS 


IN AUTO POSITION. 


if unstaged, or if staged and ascent 

Oz quantity is sufficient to make 

up cabin pressure: 

@CABIN REPRESS viv - MANUAL un- 
til cabin pressure is normal. 

If not,configure to egress mode per 

step 14. 


TEMPORARY UNSEATING OF 
RELIEF VLV 


Reconfigure to cabin mode. 


Bad cabin relief & dump 


[14] Configure to egress mode 


Don helmets & gloves 


@PRESS REG A & B vivs - viv - CLOSE 
EGRESS Good cabin relief & dump bate REG A & B vivs - 
aio REPRESS viv - viv - AUTO © CABIN GAS RETURN vly - 
AUTO 


@SUIT GAS DIVERTER viv - 
PULL EGRESS 

@CABIN GAS RETURN viv - 
EGRESS 

@cb ECS: CABIN REPRESS 

= open 


SYMPTOM PROCEDURE 


ENVIRONMENTAL CONTROL SUBSYSTEM 
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@SUIT GAS DIVERTER viv - 
PUSH CABIN, 


F-300LM5-1033 


REMARKS 


Basic Date 


CABIN PRESS - high 


>5 psia 
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PROCEDURE 
2 | 
SUIT PRESS = CABIN PRESS? CABIN PRESS TRANSDUCER 
FAILED. 
YES 
(3 | ves [4] CkASC gly 
DES or ASC 05? 5 | 


02/H20 QTY MON - ASC. 
L&ASC2 


ASC Either ASC 02 qty <100%? 


NO 


[7 Isolate DES tank. 


eon helmets and gloves 
@L0 PLSS FILL viveCLOSE 
@Hi PLSS O2 FILL viv-CLOSE 
@CABIN GAS RETURN viv-AUTO 
@DES 05 viv-CLOSE 
@CABIN REPRESS viv-CLOSE 
@SUIT GAS DIVERTER viv- 

PULL EGRESS 
eVerify CABIN GAS RETURN 


viv-A 
ole Cn to 48 psia. 


CABIN PRESS - incr? 


NO 


[10] Ck CABIN REPRESS viv. 

@DES O5 viv - OPEN 

@PRESS REG A & B vivs - 
CLOSE 

@CABIN REPRESS vly - AUTO 

e@Doff helmets and gloves 


CABIN PRESS - incr? 


NO 


YES If ASC Oz LEAK INSIDE CABIN 


YES 
DES Op LEAK INSIDE CABIN 


Do not let cabin press reach 
>6.0 psia with cabin dump 
vivs closed. 


yes CABIN REPRESS VLV LEAK 
IN AUTO POSITION 


[13] Ck O2 press regs, 


@PRESS REG A & B vivs - 14] 
[18] Isolate ASC Op tanns, GABIN individually VES Jf SELECTED PRESS REG FAIL- 
LO PISS FILL vv-CLOSE CABIN PRESS - incr? £D OPEN. 


@H! PLSS Op FILL wv- NO 
CLOSE 

e+] & 42 ASC 02 vivs- 
CLOSE 

@CABIN REPRESS viv-CLOSE 
@SUIT GAS DIVERTER viv- 
PULL EGRESS 

eCabin relief & dump viv 
(twd & ovhd)-CLOSE 


ves [1g] CkASC 05 aly. 20) 
CABIN PRESS - incr? ©02/H20 QTY MON - ASC 2] veg WT a2 asc Oz LEAK INSIDE 
NO CABIN 


Qty fow or decr abnormally? 
NO 


CABIN REPRESS VLV OR 
PRESS REG TEMPORARILY 
CRACKED OPEN. 


#1 ASC Op LEAK INSIDE 
CABIN 


[24] Ck CABIN REPRESS viv 


@PRESS REG A & 2 vivs - 
CLOSE 

@2] or #2 ASC 02 viv 
— OPEN 


CABIN PRESS - incr? 


CABIN REPRESS VLV LEAK- 
ING IN SELECTED POSITION 


@PRESS REG A & B vivs - 
CABIN individually 


CABIN PRESS - incr? 


SELECTED PRESS REG 
FAILED OPEN. 


TEMPORARY Op LEAK IN 
CABIN 


PROCEDURE 
ENVIRONMENTAL CONTROL SUBSYSTEM 


Change Date 


15 January 1971 


©02/H20 QTY MON - DES 1 


3 | Return to cabin mode. 


@DES Op viv -OPEN 
@ CABIN REPRESS viv - AUTO 
@SUIT GAS DIVERTER viv- 


PUSH CABIN 


@PRESS REG A & B vivs - 
CABIN 

@CABIN REPRESS viv - 
CLOSE 


e@ SUIT GAS DIVERTER viv - 
PUSK CABIN 


Failed PRESS REG viv - 
CLOSE 

@Good PRESS REG viv - 
CABIN 


@SUIT GAS DIVERTER viv - 
PUSH CABIN 


@02/H20 QTY MON-ASC 1 
@Cabin relief & dump viv 
(fwd & ovhd) - AUTO 


@Cabin relief & dump viv 
(fwd &ovhd) - AUTO. 

When #1 ASC 02 qty 

<10%: 

@#2 ASC 05 viv- OPEN. 


fa] Recor.) 


@PRESS REG A & B vivs - 
CABIN 

Cabin relief & dump viv 
(fwd & ovhd) - AUTO. 

©#1 ASC 02 viv- cycle 
Open, as required, to 

maintain press 


Failed PRESS REG viv - 
CLOSE 

@Good PRESS REG viv - 

CABIN 


© Cabin relief & dump viv 
(fwd & ovhd) - AUTO 


qd) In cabin mode, suit pressure can be 
used to monitor cabin pressure. 


@® Automatic —_cabin-repressurization 


capability not available. Don helmet 
and gloves. 


@) When placing PRESS REG A and/or 
B viv-CLOSE, ensure handle is ro- 
tated to full hard stop position. 
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Assumptions: (1) Suit warning: suit 
B 3] 
See SUIT ISOL vivs - SUIT DISC? SUIT FAN NO. 2 FAILED. 


fan No. 1 is in operation; and (2) 
fan warning: suit fan No. 1 is in- 


NO 


operative. 
RED YES 
Lett on if: ag 
uit press <3.12 psia in 7 
egress mode oO SUIT FAN comp It - on? 7 e 
Suit fan No. 2 fails while SUIT FAN A P SW (INTER~ @Ck PGA cuff gage. ecb (16) ECS; SUIT FAN 2- 
in use NAL) FAILED CLOSED @SUIT ISOL viv (COR & LMP) 


~ SUIT FLOW {hold} 
ecb (16) ECS: SUIT FLOW 
CONT - open 


open 

oo Tg ECS: SUIT FAN 
AP - open 

@Doff helmet & gloves 

@PRESS REG A & B vivs- 
‘ABN 

@CABIN GAS RETURN viv- 
AUTO 


No suit/fan C/W inputs to SUIT 
FAN comp It, ECS $t, and SUIT/FAN 
warn It. 


ech (16) ECS: SUIT FAN A P 


~ open @SUIT GAS DIVERTER viv- 


PUSH CABIN 
@cb ECS: CABIN FAN - 

close 
@PRESS REG A & B vivs- 
DIRECT 02 periodicatly, to 
purge cabin of CO> 


SUIT PRESS ~ low 
Repressurize cabin & recon~ 
figure ECS. 


Close & latch fwd hatch 

@CABIN REPRESS viv - MAN- 
UAL until cabin press is 
4.6 to 5.0 psia, then AUTO 

@PRESS REG A & B vivs - 
CABIN 

@CABIN GAS RETURN viv - 


AUTO 
@SUIT GAS DIVERTER viv - 
PUSH CABIN 


oO PGA cuff gage low? 
NO @ 
2] CWEA/INST FAILURE 


<3.6 psia @ Oz flow is only indication of fan 


operation. C/W monitoring of suit 
protection lost. SUIT/FAN warn It 
inoperative. Use SUIT/FAN comp 
It as indication of fan failure. 


‘O) Assumption: Cabin is depressurized 
and CABIN REPRESS viv - CLOSE. 


| 2 | Ck Oz press reg. 
‘PRESS REG A viv - CLOSE 
SUIT PRESS-decr? 


SUIT PRESS - high 
{egress mode) 


PRESS REG A VLV REGULATING HIGH 


OR FAILED OPEN. Suit loop pressure is limited to 4.3 


psi by SUIT CIRCUIT RELIEF viv. 


a PGA cuff press >4.0 psi? 
NO 


>4.0 psia 


When placing PRESS REG A and/or 
8 viv-CLOSE, ensure handle is ro~ 
tated to full hard stop position. 


[6] Reset PRESS REG A wiv. 


@PRESS REG B viv ~ CLOSE 
@PRESS REG A viv - EGRESS 


PRESS REG B VLV REGULATING 
HIGH OR FAILED OPEN. 


SUIT PRESS TRANSDUCER OR SIG 
COND FAILED. 


SUIT PRESS is erroneous. Use PGA 
cuff pressure gage. 
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YELLOW 
Light on if: 
DES Oo qty <5% 


Cither ASC 02 qty <80% 
before staging 


#1 ASC 02 qty < 10% 
after staging 


6a 


2 QUANTITY - tow or 
lecr 


‘i 


Basic Date 
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PROCEDURE 


YES [27 CkASC 02 #1. 
02/H20 QTY MON - 
ast #1 


Oz aty <10%? 
YES 


NO 


02/H20 QTY MON-C/W 
RESET, then ASC 1 


@Use #1 ASC 05 to deple- 
tion, then: 
@#1 ASC 05 viv - CLOSE 
© #2 ASC 02 viv - OPEN 
#03/H20 QTY MON - C/W 
isa , then ASC 2 


£1 ASC Op LEAK OUTSIDE 
CABIN OR FraNsDUCER 
FAILURE 


fs] ck DES qty CABIN 
@05/H1z0 QTY MON-DES PRESS C) ciW monitoring of Op quantity 
1% pbs 2 i 


HIGH [a] ckascay. ‘| @ lost. Use O2 QUANTITY indicator. 


Either DES O2 qty abnor- @05/H50 QTY MON -ASC 1 
mally low? ASC? NO 10 
CWEA FAILURE 


NO 
YES @ Either ASC O5 qty <20%? 
11] YES 
ical a aT wee) |) oy ert ens o ino 
NO CABIN = comes on with cabin 
PRESS Saran te TENSE ©02/H20 QTY MON - C/W depressurized, attempt cabin re- 
HIGH FAILURE RESET, then good 02 tank pressurization with DES 02 to con- 


[14] Isolate DES tanks. 


DES Op viv-CLOSE 
@ CABIN REPRESS viv-CLOSE 
@SUIT GAS DIVERTER viv- 


PULL EGRESS 
@CABIN GAS RETURN viv- 


AUTO 


firm possible instrument failure. If 
DES 02 depleted, do not attempt 
cabin repressurization with ASC 02, 
but monitor closed suit operation. 


wf 


DES Op LEAK UPSTREAM 
OF CHECK VLV 


Both DES Op qty 


abnormally low? @) Immediately before staging or when 


descent 0 quantity reaches 35%, 
verify ascent quantity with MSFN. 
if ascent quantity is confirmed iow 
or MSFN is not available, attempt 
ant eee sib a 
7 @lN pb - push and hold. 
p21] Reconfigure @(Low tank) ASC Oo viv - OPEN un- 
PRESS REC A B wv tl quantity = 100%, then CLOSE, 


@Reselect DES O2 per 
step 33. 

When both DES 05 < 10% 

@DES 02 viv-CLOSE 

@CABIN REPRESS viv-CLOSE 
0, /its0 ORY MONEY 
©05/Ho! MON- 
RESET then good tank 


DES Op LEAK DOWNSTREAM 
333% OF CHECK VLY 


(STABLE) 


23] Reconfigure 


Don helmets & gloves 
if cabin leak: 

@PRESS REG A & B vivs- 
EGRESS 


@Reselect DES O2 per step 
33. 

When both DES 05 << 10% 

@DES 05 viv - CLOSE 

@CABIN REPRESS viv - 
CLOSE 

@=1 ASC 02 viv - OPEN 

©05/ti20 OTY MUN-C/W 
RESET. then good tank 


4) MSEN can distinguish between leak 
or sensor failure by real-time cal- 
culation. 


DES 
CABIN 
FAILURE 


Q> LEAK OUTSIDE 
GR DES O> SENSOR 


@CABIN REPRESS viv ~ AUTO 

@SUIT GAS DIVERTER viv - 
PUSH CABIN 

05/H20 QTY MON - C/W 
RESET” then good tank 


‘S) Descent 02 tank vented to 1,000 
psia. 


CABIN PRESS decr? 


‘@lndividually close cabin re- 


(8) 02 QUANTITY (DES ceading) is er- 
lef & dump viys. 


roneous. 


CABIN LEAK 


[ai] Recor 


eDES O> viv - OPEN 
@ CABIN REPRESS viv - AUTO 
@ SUIT GAS DIVERTER viv - 

PUSH CABIN 


BURST DIAPHRAGM RE- 


DES 02 TRANSDUCER CAL!- 
LIEVED & RESEATED 


BRATION SHIFTED. 


SELECTED DUMP VLV LEAKS 
iN AUTO POSITION. 


33] Reselect OES O2- 


@SUIT GAS DIVERTER vly - @CABIN REPRESS viv - AUTC 
SH CA @DES O5 viv - OPEN 


@03/H20 QTY MON - C/W 
RESET, then DES 2 
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PROCEDURE 


@SUIT FAN comp It - on? Flow in suit foop stopped 1S 


when failure noted? 
YELLOW } NO 
a ! 
ae fe abet evan I [5] YES 
f SUIT FAN fn | 
1 @SUIT FAN comp It - on? 
‘ © ( NO 


YELLOW 


i} 

l 

I 
ECSIt& SUIT FAN comp =f 
It - on if suit fan AP i 
I 

I 

I 


o SUIT FAN NC. 1 OUTPUT 
DEGRADED 


<6inH20 


YES 


NO 
o Ho SEP It - on? 
= : 


@WATER SEP SEL viv - alt 


HO SEP = sep 
1 ©) ! | H20 SEP ft - on >2 min? 
ee ae 
YELLOW I 13] @Monitor H20 sep per- No 
formance 141 
ECS &HoOSEPIts-onit | = ORIG HO SEP FAILED. 
H20 sep speed <800 rpm | H20 SEP It - on? NO 
! YES 
I 
1 
| ©CO. CANISTER SEL viv - 
1] | see 
I @Remove flow limiter from 
H primary LiOH cartridge 
1) [oo CSIER SEL OW a0 SEP SPEED INSUF- 
{ — FICIENT WITH FLOW 
1 Ha0 SEP It - on >2 min? LIMITER INSTALLED 
YES 
1) 2 
H20 SEP SYS OVERLOADED 
<716 
HE VES [a3] 
| @Ck PART PRESS CO. 
7 Pees eee | oe CANISTER SEL vlv - 
1 COa | SEL 
' 
1 © | 
Lee me me oe ed 
YELLOW 


ECS & C02 Its - on if 
COp partial press >7.6 


mm Hg 
7d 
PART PRESS C02 [28] 
~ high 1 © CO.p CANISTER SEL viv -SEC 
> 7.6mm He 
1 
| 131] 
{ 
i 
i 
! 
| 
I 
| 
t 
! 
l 
l 
j 
7e | 
pie ee ora 
' qycoly 
© r 
! 1 
| Ree ener aerers J 
YELLOW 


GLYCOL PUMP AP SW 


ECS tt & GLYCOL comp Brae chosen 
mus VEO s 


tt - on if pump aP 
<3 psid 


@cb (11) ECS: SUIT FAN 1 - 
open 


@SUIT FAN -1 
@cb (16) ECS: SUIT FAN AP 
~ open 


@Select secondary LiOH 
cartridge 


H20 SEP It- on >2 min? 


YES 


posers] (i 


Ch) | 0d OANSTER SEL we 
se€ 


HC SEP SPEED INSUF- 


FICIENT WITH FLOW 
LIMITER INSTALLED 


(i3] e@Remove flow limiter from 
P mary LiOH cartrid 
Reselect primary LiOH C0 CANIST FR'SHL ae 
cartridge. PRIM 
@Reselect orig H20 sep if =z 
desired. 


[20] If using PR! EVAP FLOW 31 vly: 
@Verify WATER TANK SELECT viv - DES or ASC 
If using PRI EVAP FLOW #2 or SEC EVAP FLOW viv: 
Verify WATER TANK SELECT viv - SEC 
Attempt to cycle seps. 
Continue to cycle between seps wher H20 SEP it - on 


6 @) 
ves 25] 


PART PRESS CO>IND & CAR- 
TRIDGE FAILURE 


cb (11) ECS:CO2 SENSOR - 


®Change primary LOH car- 
tridge 


ECS It - off? 


CWEA FAILURE 


(®) 


©@CO> CANISTER SEL viv ~ 
prt 


@Change primary LiOH car- 


PRIMARY LICH CARTRIDGE 
| tridge. 


SATURATED OR FAILED . 


@CC.> CANISTER SEL viv - 
PRIM 

@ch (16 ECS: COz SENSOR 
- open 


33] Reestabiish glycol flow. 


ecb (11) ECS: SLYCOL PUMP 
AUTO TRNFR - open 

ecb (11) ECS: GLYCOL PUMP 
1 & 2- close 

@Ck both glyco! pumps 


@ GLYCOL - PUMP Z 

@cb (11) ECS: GLYCOL PUMP 
AUTO TRNER - open 

@GLYCOL - PUMP I 


© 


Assumption: Suit fan No. 1 in 
use. 


Suit fan input to CWEA inop- 
erative. Fan failure detected by 
reduced suit flow and H20 SEP it. 


Use component caution lights and 


appropriate indicator for subsequent 
failure. 


Crew comfort is only indicator of 
H20 separator performance. 


This step verifies that separator 
H20 can get to sublimator. 


‘COp It remains on while selector 
is in SEC position. CO should drop 
to zero in <1 minute. 


(1) Use ECS and CO. lis to detect high 


C05. 


Normal life of primary canister is 
4) man-hours; secondary canister, 
16 man-hours, 


“Change LiOH canister on time. COp 
sensor usually fails high. 


(19) 1 both glycol pumps failed, act- 


ivate secondary glycol loop: 
e@PRI EVAP FLOW 31 viv - CLOSE 
@WATER TANK SELECT viv - SEC 
@GLYCOL ~ INST (SEC) 
@cb (16) ECS: GLYCOL PUMP SEC - 
close 
@SEC EVAP FLOW viv ~ OPEN 
a. Immediately after activating 
secondary glycol loop: 
@cb ECS: LCG PUMP - open 
e@cb/AC BUS A: TAPE RCOR - 
open 
@LTG: OVERRIDE INTEGRAL - ON 
ecb/AC BUS B: NUM L1G - open, 
except during eng burn or ren- 
dezvous or docking maneuvers 
ecb (11 & 16) LTG: ANUN/DOCK 
/COMPNT - open 
For subsequent master alarms, one 
ANUN/DOCK/COMPNT cb must be 
closed momentarily to enable C/W 
lights. 
. At MSFN request: 
@cb PGNS: 
IMU OPR - open 
LGC/DSKY - open 
Within 2 hours: 
ecb/AC BUS A: GASTA - open 
ecb FLT DISP: GASTA - open 
ecb COMM: UP DATA LINK- 
pen. 
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8 @ 


GLYCOL 


YELLOW 
Light on if: 


@ Assumption: (1) Primary giycal ioop 
was operating with cb ECS: GLYCOL 
PUMP AUTO TRNFR closed. (2) 
Selected H20 tank has not been 
depleted. 


Sublimator freeze - up ec- 
curs if glycol pumps are off 
>20 min 


Ck for leak in prim loop 


ecb (11) ECS: GLYCOL 

PUMP AUTO TRNFR - open 
ecb (11) ECS: GLYCOL ~~ 
PUMP 1 - open 


|s difference between glycol 
press discharge 22 psia 

from value recorded before 
pump start-up? 


GLYCOL temp >50° F? 


Prim glycol temp >50° F 
Prim glycol accum <10% 
Sec glycol accum <10% 


NO 
Ck for leak in sec loop 


GLYCOL - INST (SEC) 
44 


ls difference hetween giyco! 
press discharge 2 2 psia 
from value recorded before 
pump start-up? 


CWEA OR ACCUMULATOR 
LOW - LEVEL SENSOR FAIL- 
URE 


@ Glycol toop redundancy lost. 


[7 | Restart prim glycol oop 


@GLYCOL - PUMP 1 
@cb (11)) ECS: GLYCOL 
PUMP 1 - close 


LEAK IN SECONDARY 
GLYCOL LOOP 


LEAK IN PRIMARY GLYCOL 
LOOP 


@cb (11) ECS: GLYCOL 
(4) PUMP AUTO TRNFR - close 


[ 8 | Restart prim glyco! loop [ 9 JActivate sec glycol loop 


aa uy ECS: GLYCOL PUMP Verify PRI EVAP FLOW #1 
~ Glose & #2 vivs CLOSE 
@cb (11) ECS: GLYCOL PUMP @WATER TANK SELECT viv - 

AUTO TRNFR - close SEC 
e@When GLYCOL temp >50° F @CLYCOL - INST (SEC 

Or pump press fluctuates, @cb (16) ECS: GLYCOL PUMP 
proceed to next step. SEC ~ close 

@SEC EVAP FLOW viv - OPEN 

Reconfigure electrical 
loads for secondary loop 
operation, 


Monitor system performance with 
GLYCOL caut It inoperative. 


For loss of primary glycol loop: 
a. Immediately after activating 
secondary glycot loop: 
ecb ECS: LCG PUMP - open 
@cb/AC BUS A: TAPE RCDR - 
open 
@LTG: OVERRIDE INTEGRAL - ON 
@cb/AC BUS B: NUM LTG- open, 
except during eng burn or rén- 
dezvous or docking maneuvers 
@cb (11 & 16) LTG: ANUN/DOCK 
{COMPNT - pen 
For subsequent master alarms, one 
ANUN/DOCK/COMPNT cb must be 
closed momentarily to enable C/W 
lights. 
b. At MSFN request: 
ai 
~ open 
UGC/DSKY = open 
c. Within 2 hours: 
@cb/AC BUS A: GASTA- open 
@ch FLT DISP: GASTA - open 
ecb COMM: UP DATA LINK- 
open 


‘G) Descent H20 for cooling is lost. 


GLYCOL temp- high or 


SUIT temp == 10° F > 
GLYCOL temp? 


GLYCOL temp- incr? 


NO 


GLYCOL TEMP SENSOR OR 


incr 
SIG COND FAILED. 


@PRIEVAP FLOW +1 viv - 
CLOSE 

@PRI EVAP FLOW 322 viv - 
OPEN 


Y 
es THERMAL OVERLOAD et epee a 


YES 


PRIMARY SUBLIMATOR FAIL- 
URE 


(3) (@) 


@) VHF ranging failure at glycol tem- 
perature above 67°F indicated in 
cabin may result in VHF trans- 

mitter damage. 


Reconfigure for ASC HO 
lsolate sec H,0 reg feed ee 4 
@PRIEVAP FLOW 22 viv - 
CLOSE 


Cycle electrical loads, as 
necessary, to maintain 
thermal loads within limits. 


@WATER TANK SELECT viv - 
SEC 
@PRI EVAP FLOW #2 viv - 
PEI 


@PRI EVAP FLOW =I viv - 
OPEN YES | PRIMARY H20 REG FAILED 


GLYCOL temp-incr again? CLOSED 


NO 


2 TRANSIENT CONDITION 


QPEN 
@PRI EVAP FLOW +1 viv - 
CLOSE 
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[SYMPTOM PROCEDURE [REMARKS 


caesar js emai es (1) ® Glycol pump automatic transfer is 


operable. Monitor GLYCOL ind. for 
| 3] Reselect pump No. 1. pump failures. 


@GLYCOL - PUMP 2 
GLYCOL COMP LT RELAY “a at ECS: GLYCOL PUMP AUTO 
GLYCOL comp It - on? FAILED CLOSED. - open 
L— oa ci eae civcot - PUMP 1 
; ft @cb (11) ECS: GLYCOL PUMP AUTO ¥ ; F 
Light on if pump AP <3 TRNER - close Q@) A temporary sP switch failure will 
psid ae result in automatic transfer. Con- 
firm pump No. 1 failure by re- 
setting automatic transfer circuit 
GLYCOL PUMP NO. 1 FAILED. and reselecting pump No. 1 while 
monitoring glyco! pressure. Do not 
stop glycol flow for >20 minutes 
if subtimator is operating. 


[1] Compare glycol pumps. 


@cb (11) ECS: GLYCOL PUMP AUTO 
TRNFR - open 
GLYCOL - PUMP 


GLYCOL press - normal? 


NO 


GLYCOL press~low or 
decr 


@cb (11) ECS: GLYCOL PUMP 1 - 
pen 


<17 psia GLYCOL PUMP NO. 1 DEGRADED OR 


BYPASS VLV FAILED OPEN. 


[5] teeters] 


GLYCOL - PUMP 1 
@cb (11) ECS: GLYCOL PUMP AUTO 
TRNFR - close 


GLYCOL PRESS TRANSDUCER CALI- 
BRATION SHIFTED. 
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5.2.11 EXPLOSIVE DEVICES 


Table 5-11. ED Procedure Entry Sheet 


Symptom 


ED RELAYS caut lt 


STAGE SEQ RELAYS SYS A & B lts - off when MASTER ARM - ON 


STAGE SEQ RELAYS SYS A or B lt - off when MASTER ARM - ON 
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. ene) 
YES 
ED RELAYS STAGE SEQ RLY SYS A (B) Partial staging may occur if 
It- on? MASTER ARM-ON 


YELLOW No 
Light on if ED relays Kl 


through K6 are closed 2} 
when MASTER ARM-OFF CWEA FAILED. a] Peres 


SYMPTOM 


ech ED: LOGIC PWR A (B)-close 


@STAGE RELAY - RESET 


NO} STAGE SEQ RLY SYS A(B) YES ED SYS A (8) STAGE CMD RELAY 
It- off? K2 TEMPORARILY FAILED CLOSED. 


© 
Te] Frese es | 


@ASC He SEL - TANK } 
@ASC He PRESS - FIRE 


APS pressurized? 


‘O) During PD!, do not select tank 1. 
It is only necessary to place ASC 
He PRESS to FIRE. 


@DES PRPLNT ISOL YLV - 
FIRE 

@DES START He PRESS - 

FIRE 


DPS pressurized? 


MSFN can confirm failure via 
telemetry. Consult MSFN before 
proceeding. 


ED SYS A (B) RELAY (K2, 3, 
4, 5, 5A, OR 6) FAILED 
CLOSED 


ED SYS A {B) RELAY 
K1 FAILED CLOSED 


‘ecb ED: LOGIC PWR A (8) — open 


ecb ED: LOGIC PWR A (B) - close 
@lnitiate abort stage sequence 


ABORT 
STAGE 


RCS PRESS 
| gees 
LF ie staging desc ManUaL| LOG GEAR DEPLOY vith ch. LOCC PWR A 
ech ED: LOGIC PWR A (B) - STAGING VENTING (8) - open 


close 
‘Perform nominal staging 
or abort staging 


Which STAGE SEQ RLY It - on? 
4) ® This procedure provides for APS 
pressurization with ED system B, 
followed by APS pressurization 
with £D system A, and staging 
with both systems. 


@ASC He SEL- BOTH 
@ MASTER ARM-ON 
@ASC He PRESS ~FIRE 
@MASTER ARM -OFF 
When staging desired: 
@cb (11) ED: LOGIC PWR A-close 
@ASC He PRESS-FIRE {hold} 
@STAGE- FIRE 
@MASTER ARM-ON 
@ASC He PRESS -SAFE 
@MASTER ARM~OFF 


@ASC He SEL-BOTH 
@ MASTER ARM-ON 
@ASC He PRESS -FIRE 

When staging desired: 
@STAGE-FIRE 

ecb (16) ED: LOGIC PWR B-close. 
@ASC He PRESS-FIRE 
@MASTER ARM-OFF 


@) This procedure provides for APS 
pressurization with ED system A; 
staging with ED system A, then ED 
system B; and APS pressurization 
with ED system B. 


This method pressurizes ascent 
tanks as soon as ABORT STAGE pb 
is pushed. 


STAGE SEO RLY oe PE At etd of ang Ds 
SYS A & B Its - off ecb S/C: ABORT STAGE (2) - open 
when MASTER ARM @ABORT STAGE pb-push = 
- ON ED RELAYS it - on 
MASTER ARM SW FAILED OFF MASTER ALARM - on 
(DOUBLE FAILURE} @MASTER ALARM - reset 

@ED: (desired function) - FIRE 

@ABORT STAGE pb - reset 

cb S/C: ABORT STAGE (2) - close 


TRANSIENT CONDITION 
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MSFN can confirm failure. Con- 


Mw sult MSFN before proceeding. 
STAGE SEQ RLY SYS A(B) ou 


wre MASTER ARM - recycle TRANSIENT CONDITION 


STAGE SEQ RLY SYS A(B) 
It- on? 


This method pressurizes ascent 
@ MASTER ARM - OFF tank 1 as soon as abort stage pb 
@cb ED: LOGIC PWR B(A) - ED SYS A(B) RELAY is pushed. 
eHASTER ARM - ON @ASC He SEL ~ TANK 1 KI FAILED OPEN 
@€D: (function desired) - @cb S/C: ABORT STAGE (2) 


= nm 
ABORT STAGE pb - push 


FIRE 


STAGE SEQ RLY SYS A(B) It 
-9n? 


(3) aBoRT STAGE pb must be pushed 
INSTRUMENTATION FAILURE for staging. This ensures staging 
with two pyro systems. 
MASTER ARM SW FAILED ON ED: (function desired) - 
ED SYS A(B) FIRE 
@ABORT STAGE pb - reset 
ecb S/C: ABORT STAGE (2) 
~ close 
@cb ED: LOGIC PWR B(A) - 
close 
@ MASTER ARM - OFF @ASC He SEL. - TANK 2 
@cb ED: LOGIC PWR BiA) - @ASC He PRESS - FIRE 
close @lf APS does not press, 


continue 
OPS pressurized? 


oe START He PRESS - 


@if DPS does not press, 
continue 
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5.2.12 HEATERS 
5.2.12.1 Assumptions 
5.2.12.1.1 HEATER caut lt (RCS) 
e@ Assume no action will be taken during a critical mission phase. 


@ One heat system (4/QUAD) can maintain temperature above 119°F. 


Table 5-12. HTR Procedure Entry Sheet 


Sym Page 

Symptom No. No. 
HEATER caut lt 1 5.2-62 
RR temp abnormal la 5.2-62 
S-band antenna temp abnormal lb 5.2-62 
LR temp abnormal 2 52-63 
RCS quad 1 (2, 3, 4) temp abnormal 3 5.2-63 


1 September 1970 5.2-61 


Basic Date Change Date _____ Page 


HEATER 


YELLOW 
Light on if: 
RR temp > 148° or 
<— 54°F 
S-band temp > 153° or 
<- 67°F 


1a 


RR temp abnormal 


>timeline temp or 
145°F 

<-52°F (power down) 

<10°F (power up) 


> 135° F (TLC and 
lunar orbit) 

> 150° F (lunar stay) 
<- 52°F 


Basic Date 


e@HTR CONT: TEMP MON- 
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@HTR CONT: TEMP MON- 


1 September 1970 


RNOZ RADAR 


HEATER It-off? 
YES 


S BAND 
YES 


wo F2J 


CWEA FAILED. 


[22] 


Low 
NO 


HIGH 


cb (11) HTR: RNDZ ROR 
STBY & RNDZ RDR OPR 
both closed? 


NO [ecb (11) HTR: RNOZ ROR 
STBY-open 
@cb (11) RTR: RNDZ ROR 
OPR-close 


}10] INST FAILURE 


Oa 


ecb (11) HTR: RNDZ ROR 
STBY & RNDZ ROR OPR- 


open 
Mo FT tee 


YES 


When RR not required: 
ecb (11) PGNS: RNDZ RDR 


ocbTR BUS A: RNDZ RDR 
~ open 


He INST FAILURE 


When temp <148°F or 
timeline: 
@cb (11) HTR: RNDZ RDR 


OPR-close RR OPR HEATER CKTRY 


FAILED O 


% (») 
[ai] Reconfigure heaters. 
@cb (11) HTR: RNDZ ROR 
OPR - open 
ecb (11) ATR: RNOZ RDR 
STBY - close 


fy oo 


RR STBY HEATER CKTRY 
FAILED ON. 


[23] Deactivate heater. 


ecb (16) HTR:; S BD ANT- 
open 


Antenna temp decr? 


YES § S-BAND ANTENNA HEATER 


When able, deactivate an- 
tenna: 
COMM ANT: TRACK MODE 
- OFF 
@cb/AC BUS B: S BD ANT 


- open 
och 115 COMM: S BD ANT 


2 INST FAILURE 


Pea] — Power seme. 


@cb/AC BUS B: $ BD ANT 
- close 

ecb (16) COMM: S BD ANT 
~ close 

@COMM ANT: TRACK MODE 
~ SLEW 


Antenna temp incr? 


HEAT SOAK OR INST 
FAILURE 


S-BAND ANTENNA HEATER 


@cb (16) HTR: S BO ANT- 
FAILED OFF. 


CE) Light goes off when HTR CONT: 
TEMP MON is set to affected heat- 
er position. HEATER it will not go 
on again for same failure or fu- 
ture faults of that heater until nor- 
mai limits are established. 


@ C/W monitoring of heater opera~ 
tion is lost. Use HTR CONT: TEMP 
MON for heater monitoring. 


a INST FAILURE 


RR STBY HEATER CKTRY 
FAILURE 


eTurn on RR when temp 
> 10°F. 


HEAT SOAK 


@cb (11) HTR: RNDZ RDR 
I BY & RNDZ RDR OPR- 
_ To power up RR (RR range data 
may not be reliable until 17 min- 
utes after initial step): 
a. if RR temp<+ 10°F 
@cb (11) HTR: RNDZ RDR OPR- 
close 
. When RR temp 2+ 10°F: 
@cb/AC BUS A: RNDZ RDR - 
close 
e@After 30 sec: 
cb (11) PGNS: RNOZ ROR - 
close 
. It step a performed: 
@cb (11) HTR: RNDZ RDR OPR- 
open 


@ 


| 25] Manual temp control 
If needed: 
@cb (16) HTR: S BD ANT- 


cycle to maintain temp at 
=? to 100° F 


HEAT SOAK 


open 
PROCEDURE | Rema 
HEATERS 


Change Date 
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When LR not needed: 
cb (11) PGNS: LDG ROR~ 
open 


LR temp abnormal 


>145°F or timeline 
temp 
<60°F 


@cb (11) HTR: LDG RDR- 
open 


When LR temp <148°F: 
cb (11) PGNS: LOG ROR - 
close (if needed) 


LR HEATER CKTRY FAILED 
ON. 


o LR operating? 


Oa 


‘Orient LM to heat 
antenna. 


or 
cb (11) PGNS: LDG RDR- 
close 


Temp incr? 


YES 


8) INST FAILURE 


UR HEATER CKTRY FAILED 
OFF. 


oO) Abnormal high temp is for periods 
of no thruster activity after temp 
soakback from previous activity (if 
any) has stabilized. 


Sand P| sacar 

temp abnormal 

cd (11) HTR RCS SYS A/B 
1: QUAD 1 (2, 3, 4)-open 

@ch (16) HTR RCS SYS A/B 
2: QUAD 1 (2, 3, 4)~open 

@Allow TCA to cool. 


it 
Quad temp? 
ia [a] Reconfigure] 


ech (11) HTR RCS SYS A/B 

1: QUAD 1 (2, 3, 4)- close 
ech (16) HIR RCS SYS A/B 
2: QUAD 1 (2, 3, 4)- close 


INST FAHLURE 


Reconfigure heaters. 


@HIR CONT: QUAD (affected 
quad) - OFF 

@cb (11) HTR RCS SYS A/B 
1: QUAD 1 (2, 3, 4)-close 

@HTR CONT: QUAD (affected 

quad)- MAN (as required 

to maintain temp) 


(2) Q@) RCS heater systems A/B-1 and 

A/B-2 are both in operation, ex- 

Heater sys in operation? cept during lunar stay power-down; 
@cb (16) HTR RCS SYS A/B then only system A/B-1 is in oper- 


2: {affected quad) - close 
@HTR: CONT: QUAD (affect 
ed quad) - AUTO 


Temp incr? 


NO 


BOTH ation. 


INST OR DOUBLE 
HEATER SYS FAILURE 


SYS A/B 1 HEATER 
CKTRY FAILURE 


INST FAILURE 
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APPENDIX D 


Table D-1. Definitions of Symbols and Abbreviations 
Symbol or Abbreviation Definition i 
L a 
A 
AAP Abort autopilot 
abs Absolute 
ac Alternating current (a-c, u.m.) 
ACA Attitude controller assembly 
AEA Abort electronics assembly 
AEAA Ascent engine arming assembly 
AELD Ascent engine latching device 
AFC Automatic frequency control 
AGC Automatic gain control 
AGS Abort guidance section 
ALSEP Apollo lunar surface experiment package 
ALT Altitude 
amp Ampere (s) 
AMPL Amplifier 
ANT Antenna 
ANUN Annunciator 
AOT Alignment optical telescope 
APS Ascent propulsion section 
ARS Atmosphere revitalization section 
ASA Abort sensor assembly 
ASC Ascent 
ASD Apollo standard detonator 
ASI Apollo standard initiator 
ASSY Assemb ly 
ATA Abort timing assembly 
Basic Date _ 1 September 1970 Change Date Page a 
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Table D-1. Definitions of Symbols and Abbreviations (cont) 


Symbol or Abbreviation | Definition 
A (cont) 
ATCA Attitude and translation control assembly 
ATM Altimeter transmitter multiplier 
att Attitude 
auto Automatic 
AZEL Azimuth-elevation unit 
B 
bal Balance 
bat Battery 
bd Band 
biomed Biomedical 
bp Barber pole 
Btu British thermal unit 
BU Backup 
Cc 
caut lt Caution light 
CB D-C circuit breaker 
CB/AC A-C circuit breaker 
CBW Constant bandwidth 
CBX C-band transponder 
CCRD Computer control and reticle dimmer assembly 
CDH Constant A altitude 
CDR Commander 
CDU Coupling data unit 
CENTANG Orbital central angle during transfer 
CES Control electronics section 
cktry Circuitry 
CL Close 
CLR Clear 
CMC Command Module Computer 
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Table D-1. 


Definitions of Symbols and Abbreviations (cont) 


| Symbol or Abbreviation Definition ‘| 


C (cont) 


CMP 
CMPTR 
Co 
COAS 
comm 
comp caut lt 
cont 
CONT 
cos 
C02 
CPL 
cps 
CRD 


CRSFD 


D/A 


de 
DECA 


decr 


Command Module Pilot 

Computer 

CSI iteration error (AGS) 
Crewman optical alignment sight 
Communications 

Component caution light 
Continuous rotary control 
Control 

Cosine 

Carbon dioxide 

Couple 

Cycles per second 

Cosmic-rav detector 

Crossfeed 

Communications Subsvstem 
Coelliptic sequence initiation 
Command/Service Module 
Contingency sample return container 
Continuous-wave 

Caution and warning 


Caution and warning electronics assembly 


Alignment error signal (AGS) 
Digital-to-analog 

Digital autopilot 

Decibel with respect to 1 milliwatt 
Direct current (d-c, u.m.) 

Descent engine control assembly 
Decrease 


Data entry and display assembly 


DEDA 
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Definitions of Symbols and Abbreviations (cont) 


— 
Symbol or Abbreviation Definition 
D (cont) 
DEMOD Demodulator 
DES Deseait 
DET Detector 
DFR Deadface relay 
DID Display inertial data (discrete) 
DIF Differential 
DIG Predicted change in integrated gravity (AGS) 
DISC Disconnect 
DISP Display 
DIST Distribution 
DN Down 
DOL Descent orbit insertion 
DPS Descent propulsion section 
Dr LM position remainder (AGS) 
DRB Deadface relay box 
DSEA Data storage electronics assembly 
DSKY Display and keyboard 
DUA Digital uplink assembly 
DV Differential velocity 
DA Lunar alignment correction (AGS) 
E 
E Elevation angle (angle between LM LOS and local hori- 
zontal plane at TIG, measured from direction of flight) 
ECA Electrical control assembly 
ECS Environmental Control Subsystem 
ECADR Erasable complete address 
ED Explosive device 
EDS Explosive Devices Subsystem 
EKG Electrocardiograph 
EL Electroluminescent 
tS 
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Table D-1. 


Symbol or Abbreviation 


Definition 


— 


an 


E (cont) 


ERA 


ERCOUNT 
ERR 

ETB 

EV 

EVA 

EVC 


EVCS 


Electromagnetic interference 


Extravehicular mobility unit 


Engine 


Enter 


Emergency oxygen svstem 


Electrical Power Subsystem 


Definitions of Symbols and Abbreviations (cont) 


Electronic replaceable assembly 


Error counter 


Error 


Equipment transfer bag 


Extravehicular 
Extravehicular 
Extravehicular 
Extravehicular 
Extravehicular 
X-component of 
Y-component of 
Z-component of 


Fahrenheit 


astronaunt; extravehicular activity 


communications 
communications 
visor assembly 
attitude error 
attitude error 


attitude error 


svstem 


Fecal collection receptacle assembly 


Flight director attitude indicator 


Feedback 


Fecal/emesis 


Fire-in-the-hole 


Flash 


Frequency modulation 


Fuel-to-oxidizer ratio 


Field of view 


Foot (feet) per second 


Foot (feet) 


Forward 
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Table D-1. Definitions of Symbols and Abbreviations (cont) 


1 September 1970 


Symbol or Abbreviation Definition 
G 
z Gravity 
GASTA Gimbal angle sequencing transformation assembly 
ge Gigacycle(s) 
GDA Gimbal drive actuator 
GET Ground elapsed time 
GETI Ground elapsed time of ignition 
GMBL Gimbal 
GN&CS Guidance, Navigation, and Control Subsystem 
GOX Gaseous oxygen 
GSE Ground support equipment 
GSOP Guidance Systems Operations Plan 
GUID Guidance 
H 
h LM altitude 
h LM altitude rate 
H Altitude of active vehicle 
Ha Apogee altitude 
HBR High bit rate 
He Helium 
Hg Mercury 
Hp Perigee altitude 
Hrf High (+) low (-) angular rate scaling (AGS) 
HTR Heater 
HTS Heat transport section 
HV High voltage 
H20 Water 
H/X Heat exchanger 
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D-1. Definitions of Symbols and Abbreviations (cont) 


r 


Symbol or Abbreviation 


ICDU 
Ics 
ID 
IF 
IG 
IGA 
IMU 
incr 
ind 


ind pwr fail lt 


ind pwr/sig fail 1t 


Definition 


Incidental amplitude modulation 
Inertial portion of coupling data unit 
Intercommunication system 
Identification 

Intermediate frequency 

Inner gimbal (pitch) 

Inner gimbal angle 

Inertial measurement unit 

Increase 

Indicator 


Indicator power failure light 


Indicator power/signal failure light 


inst Instrumentation 
ISA Interim stowage assembly 
Iss Inertial subsection 
Iv Intravehicular 
IVT Intravehicular transfer 
K 
K Ground elapsed time of AEA clock zero 
KALCMANU Maneuver calculation 
ke Kilocycle(s) 
kme Kilomegacycle(s) 
kpps Kilopulse(s) per second 
L 
lat Lateral 
LBR Low bit rate 
LCA Liquid cooling assembly 
LCG Liquid-cooled garment 
LCRU Lunar communications relay unit 
ldg Landing 
| LGC oat LM guidance computer 
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Table D-1. Definitions of Symbols and Abbreviations (cont) 


L MPS 


_I 


Symbol or Abbreviation i Definition 
i L (cont) 
LGEC Lunar geological exploration camera 
LH Left-hand 
LHMSSC Left-hand midsection stowage compartment 
Liou Lithium hydroxide 
IM Lunar Module 
LMP LM Pilot 
LOR Lunar orbital rendezvous 
LOS Line of sight; loss of signal 
LPD Landing point designator 
LR Landing radar 
LRV Lunar roving vehicle 
LSD Least significant digit 
lt Light 
ltg Lighting 
LV Local vertical; low voltage 
LWHS Lightweight headsets 
M 
MAN Manual 
MANF Manifold 
max Maximum 
me Megacvcle(s) 
MESA Modularized equipment stowage assemblv 
MET Mobile equipment transporter 
MG Middle gimbal (ro11) 
MGA Middle gimbal angle 
MID Midcourse 
min Minimum 
Tm Millimeter (s) 
MOD Modulation 
MON Monitor 


Main Propulsion Subsystem 
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Table D-1. Definitions of Symbols and Abbreviations (cont) 

[__synbo1 or Abbreviation Definition 

M (cont) 

MPX Multiplexer 

MSD Most significant digit 

mrad Milliradian 

msec Millisecond(s) 

MSFN Manned Space Flight Network 

mv Millivolt(s) 

mw Milliwatts(s) 

N 

n Mean orbital angular rate of ILM in transfer orbit (rad/sec) 

N Noun; number of marks 

N/A Not applicable 

NB Navigation base 

NC Normally closed 

nm Nautical mile(s) 

NO Normally open 

No. Number 

norm Normal 

NRZ Nonreturn-to-zero 

N2H4 Hydrazine 

N204 Nitrogen tetroxide 

te) 

ocp Operational checkout procedure 

OG Outer gimbal (yaw) 

OGA Outer gimbal angle 

ol Orbit insertion 

OPR Operate 

OPR ERR Operator error 

OPS Oxygen purge system 

ORDEAL Orbital rate display - earth and lunar 


re. OSC 


Oscillator 
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Definitions of Svmbols and Abbreviations (cont) 


— 


or Abbreviation 


Definition 


[ Symbol 


0 (cont) 
OSCPCS 
Oss 

OVBD 
ovhd 
OVRD 


OXID 


Io 


Oxvgen supply and cabin pressure control section 
Optical subsection 

Overboard 

Overhead 

Override 

Oxidizer 


Oxygen 


Semilatus rectum (semiparameter) of LM transfer orbit (ft) 
Previous value of p in the iteration (ft) 

Power amplifier 

Pulse amplitude modulation 

Paragraph 

Pushbutton switch (except pushbutton/light) 
Pushbutton/ light 

Proportional bandwidth 

Program coupler assembly 

Pulse code modulation 

Pulse-code-modulation and timing electronics assemblv 
Power distribution assembly 

Pressure garment assembly 

Primary guidance, navigation, and control section 
Primarv guidance and navigation section 

3.1416 

Pulse integrating pendulous accelerometer 
Portable life support svstem 

Phase modulation 

Premodulation processor 

Possible 


Peak-to-peak 
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Definitions of Symbols and Abbreviations (cont) 


Symbol or Abbreviation 


Definition 


Las 


P (cont) 
ppm 

pps 

PAGS 
POMD 

PRE 
press 
PRF 

PRIM 


PRM 


prplnt 


qLT 


Pulse(s) per minute 

Pulse(s) per second 

Propellant quantitv gaging svstem 
Propellant quantity measuring device 
Program reader electronics 
Pressure 

Pulse repetition frequency 
Primary 

Pulse ratio modulator 
Pseudorandom noise 

Propellant 

Power supply 

Power and servo assembly 

Pound(s) per square inch 

Pound(s) per square inch absolute 
Pound(s) per square inch differential 
Phase-shift keved 

Pressure transducer 

Pulse torque assemblv 
Push-to-talk 
Pressure-volume-temperature 


Power 


Perifocus (AGS) 

Perifocus altitude of predicted LM trajectory (TPI only) 
Apofocus altitude of LM trajectorv (AGS) 

Quantity indicator 


Perifocus altitude of LM trajectory (AGS) 
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Table D-1. Definitions of Symbols and Abbreviations (cont) 


Symbol or Abbreviation Definition | 
Q (cont) 
qty Quantity 
quad Quadrant 
R 
r LM range rate 
R Rankine; radius vector; LM-to-CSM range (AGS) 
R Range rate between Lf and CSM (AGS) 
RC Resistance-capacitance 
R/C Reverse current 
RCCA Rough combustion cutoff assembly 
RCR Reverse-current relay 
RCS Reaction Control Subsystem 
revr Receiver 
RCU Remote control unit 
rex X-component of CSM position (AGS) 
rey Y-component of CSM position (AGS) 
rez Z-component of CSM position (AGS) 
RD Relay driver; desired radial jerk (AGS) 
RDR Radar 
Ref Reference 
REFSMMAT Reference stable member matrix 
reg Regulator 
RES Resolver 
RF Radio frequency 
rf Predicted orbit insertion burnout radius (AGS) 
rf Desired final value of altitude rate (AGS) 
RH Right-hand 
RHSC Right-hand side console 
RGA Rate gyro assembly 
RJB Relay junction box 
rms Root mean square : zi 
1 
Basic Date 1 September 1970 Change Date Page pte 


LMA790-3-LM 


APOLLO OPERATIONS HANDBOOK 


Table D-1. Definitions of Symbols and Abbreviations (cont) 


Symbol 


or Abbreviation 


| 


Definition 


R_(cont) 


RNDZ 


+ 


Rendezvous 

Range 

Rate of descent 

Rendezvous radar; estimated range between ILM and CSM (AGS) 
Estimated range rate between LM and CSM (AGS) 
Rendezvous radar electronics 

Calculated range at time of radar range measurement 
Resistance thermometer 

X-component of LM position (AGS) 

Y-component of LM position (AGS) 

Z-component of LM position (AGS) 


Return-to-zero 


S-band power amplifier 

S-band transponder 

Signal conditioner 
Stabilization and control 
Signal-conditioning electronics assemblv 
Term proportional to sine of AE 
Systems Engineer 

Second(s); secondary 

Selector 

Sensitivity 

Separator 

Sequence; scientific equipment 
Supercritical helium 

Signal generator 

Shaft 


Signal 
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Table D-1. Definitions of Symbols and Abbreviations (cont) 


[ Symbol or Abbreviation Definition 
S (cont) 
sin Sine 
SOV Shutoff valve 
SPA Signal processor assembly 
STBY Standby 
SUBCAR Subcarrier 
SUPCRIT Supercritical 
sw Switch 
SWC Solar wind composition (experiment) 
sys Svstem 
T 
t AGS computer time (AGS) 
T Time 
T (Align) State vector time (GET) selected to define IMU and LM 
orientation 
TAI Absolute time (AGS) 
TAo Time from CSI to CDH (AGS) 
tb Talkback 
TBD To be determined 
TCA Thrust chamber assembly 
tco Predicted time from CDH to TPI (AGS) 
TCP Thrust chamber pressure 
TA Time to CDH, CSI, or TPI 
TAV Target AV (AGS) 
TE Timing electronics equipment 
temp Temperature 
TET State vector integration time 
TFC Time from engine cutoff 
TFF Time of free fall to 300,000 ft 
TFI Time from TIG 
fee 
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Table D-l. Definitions of Symbols and Abbreviations (cont) 


Symbol or Abbreviations Definition | 
T (cont) 
TF INT Time from intercept 
TG Time-to-go to engine cutoff 
THR Thrust 
Ti Time to CSI (AGS) 
TIG Time of ignition 
tiga AGS computer time of CSI maneuver (AGS) 
tigB Absolute time of CDH maneuver (AGS) 
tigc AGS computer time of TPI or midcourse maneuver (AGS) 
TLE Tracking light electronics 
TLM Telemetry 
TPF Transfer phase final maneuver 
TPI Transfer phase initiation 
TPM Transfer phase midcourse 
Tr Time to rendezvous (AGS) 
TR Redesignation time remaining (PGNS) i 
T/R Transmitter/receiver 
TRANSL Translation 
TRUN Trunnion 
TTCA Thrust/translation controller assembly 
TTI Time to initiate 
TTIG Time to ignition 
TV Television 
TVC Thrust vector control 
tw Thumbwheel 
TX Telemetry transmitter 
U 
U LM rotational axis in Y-Z plane 45° from +Z 
UCTA Urine collection and transfer assembly 
J 
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Table D-1. Definitions of Symbols and Abbreviations (cont) 


Symbol or Abbreviation Definition 


U_(cont) 

UDMH Unsymmetrical dimethylhydrazine 

UHF Ultrahigh frequency 

URS Urine receptacle system 

usec Microsecond(s) 

v 

Vv Verb; inertial velocity vector at TIG; LM velocity; 
LM rotational axis in Y-Z plane 315° from +Z 

vac Volts, alternating current 

vco Voltage-controlled oscillator 

Vex X-component of CSM velocity (AGS) 

Vey Y-component of CSM velocity (AGS) 

Vez Z-component of CSM velocity (AGS) 

vde Volts, direct current 

VDx AV expended in X-body-axis direction minus 
descent engine capability 

VDy AV expended in Y~body-~axis direction 

VDz AV expended in 2-body-axis direction 

VEL Velocity 

VG Magnitude of velocity vector required by LM for 
transfer orbit injection (fps); magnitude of LM 
velocity to be gained 

VGX (LM) Component of VG vector resolved along present X-axis 

VGX (LV) Component of VG vector at TIG along (RxV)xR 

VGY (LM) Component of VG vector resolved along present Y-axis 

VGY (LV) Component of VG vector at TIG along VxR 

VGZ (LM) Component of VG vector resolved along present Z-axis 

VGZ (LV) Component of VG vector at TIG along -R 

Vhw Horizontal velocity (AGS) 

VHF Very high frequency 

VI Inertial velocity 

viv Valve 

Vo AV for CSI maneuver (AGS) 
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Definitions of Symbols and Abbreviations (cont) 


rt 


Definition 


L 


Symbol or Abbreviation | 
V_ (cont) 


vol 


Vyo 


xpndr 


Volume 

Voice-operated relay 

Valve position indicator 

CDH maneuver AV (AGS) 

Velocity perpendicular to CSM orbit (AGS) 
Volts root mean square 


Velocity to be gained during burn (AGS) 


Total velocity required to rendezvous (direct interception 


only) 

Velocity along X-axis; altitude rate 
Lateral velocity; velocity along Y-axis 

LM velocity normal to CSM orbit plane (AGS) 


Forward velocity; velocity along Z~axis 


Warning light 

X-unit vector for commanding attitude (AGS) 
Y-unit vector for commanding attitude (AGS) 
Z-unit vector for commanding attitude (AGS) 
X-unit vector normal to CSM orbit (AGS) 
Y-unit vector normal to CSM orbit (AGS) 


Z-unit vector normal to CSM orbit (AGS) 


LM vertical axis 
External AV 
Transmitter 
Transponder 


Crystal 


LM lateral axis; LM out-of-plane position (AGS) 


X-component of CSM position (AGS) 
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Table D-1. Definitions of Symbols and Abbreviations (cont) 
[ Symbol or Abbreviation Definition 
= Y (cont) 

Yey Y-component of CSM position (AGS) 

Yez Z-component of CSM position (AGS) 

YD Desired out-of-plane jerk 

yf Predicted value of out-of-CSM-orbit plane position (AGS) 

Yx X-component of LM position (AGS) 

Yv Y-component of LM position (AGS) 

Yz Z-component of LM position (AGS) 

zZ 

Z LM fore-aft axis 

4A 

6L Landing azimuth angle (AGS) 

AE Difference between initial and final eccentric anomalies 
ef transfer orbit (rad) 

Ah Altitude differential 

AH Altitude between active and passive vehicle after CDH (AGS) 

Ap Change in p for next iteration (AGS) 

AP Pressure differential 

AR Magnitude of difference between position state vector 
before and after incorporation of mark data 

Aro Differential altitude in coelliptic orbit (AGS) 

AT Time differential 

ATRANS Time required for transfer from TIG (TPI) to time of 
intercept 

AV Velocity change (differential); magnitude of difference 
between state vector before and after incorporation of 
mark data 

AV (CDH) Required impulsive AV to accomplish CDH maneuver at TIG 
(CDH) 

AV (CSI) Required impulsive AV to accomplish CSI maneuver at TIG 
(CSI) 

AVgx AV in X-direction (AGS) 

AVegy AV in Y-direction (AGS) 

fe 
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Definitions of Symbols and Abbreviations (cont) 


[ Symbol or Abbreviation 


—+—— 


Definition 


| 


A (cont) 
AVez 
AVm 


AV (MID) 
AV (TPF) 
AV (TPI) 
AVy 


AVX (LM) 
AVX (LV) 
AVY (LM) 
AVY (LV) 
AVZ (LM) 
AVZ (LV) 


Ae 


lv 


Vv 


_— 


AV in Z-direction (AGS) 
Measured AV magnitude 


Required impulsive AV to accomplish next midcourse 
maneuver at TIG (MID) 


Required impulsive AV to accomplish intercept (TPF) 
Maneuver at calculated time of intercept 


Required impulsive AV to accomplish TPI maneuver at 
TIG (TPI) 


External AV component in horizontal direction 
perpendicular to CSM orbit plane (AGS) 


Component of integrated acceleration along LM +X-axis 
Component of AV applied at TIG along (RxV)xR 
Component of integrated acceleration along LM +Y-axis 
Component of AV applied at TIG along VxR 

Component of integrated acceleration along LM +Z-axis 
Component of AV applied at TIG along -R 


Angular difference between RR indicated LOS and state 
vector LOS 


Angle 

Semimajor axis of transfer orbit (AGS) 

Phase 

Infinity 

Less than or equal to 

Greater than or equal to 

Is less than 

Is greater than 

Angle between LM +Z-axis and local horizontal plane (pitch) 
LM-to-CSM phase angle 

Predicted LOS angle at TPI time (AGS TPI only) 

Angle between LM +Z-axis and local horizontal plane (AGS) 
Yaw 

Roll; angle between LOS and forward direction 


Angle between RR LOS and LM +Z-axis 
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Abort Procedures ... ae es cere 
APS Abort (LGC P71, AEA. 410400000) ein ete 
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Activation, Subsystem ........e06 
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AGS 


Readiness Check ...... 2 ee. 
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Accelerometer Calibration i ae Sere 
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Alignment, Backup (Using AGS BodyeAata “Aligdeant- & Aor) a. 
Alignment, Backup (Using AGS Body-Axis Alignment & PGNS IMU) 


Attitude Error Display ...... 
Attitude Hold/Rate Command .... 
Automatic . . 1... 2 ee ee wwe 
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AGS 
AGS 
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AGS 
AGS 
AGS 
AGS 
AGS 
AGS 
AGS 
AGS 
AGS 
AGS 
AGS 
AGS 
AGS 
AGS 
AGS 
AGS 
AGS 
AGS 
AGS 
AGS 
AGS 
AGS 
AGS 
AGS 


Checkout ...... Sip ele wr “oh. Jeo Se 


. 


. 


. 


ee ee 8 


ee ee 


ee ee 


Contingency LM Lunar Touchdown State Vector, Load een wale 
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Gyro & Accelerometer Calibration . 
Initialization Routine (R47) .. 
Lunar Align (400+40000) ..... 
Lunar Azimuth Store... . . 
Lunar Surface Gyro Calibration . 
Manual Absolute Time Initialization 
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Manual CSM State Vector Update/Initialization 
Manual LM State Vector Update/Initialization 
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Orbit Insertion... 1... 2 ee ee we eee 


Orbital Steering .......44.- 
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Orientation to Initial Computed Steering Attitude, oe 8 


Out-of-Plane Maneuver ....... 
Partial Power-Down ........ 
Power-Dowmn . 2... 1 ee ee ew ee 
Power-Up ... 2s. eee we 
Power-Up From AGS Partial Power-Down 
(Prethrust) . . Spleirweate? Ye’ Won es 
Pulse... ee: fe, yal Bis 
RCS Aeia-tyaxie: Thrust ecistrars 6 fe oce 


Rescaling From Lunar to Earth Mission 


Selector Logic .. oe ee we 
Total Attitude Display oe we wwe 
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warn lt (malfunction procedure) .... 


Wb Vector Update ......2..246. 
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DEDA response abnormal (malfunctions procedure) . . 
PGNCS/AGS Align... 1... 2 ee wae 
Rate Gyro Check... 1... ee eee 
Alarm Codes (VO5 NO9) .......2.226-. 
Alignment . 2... 1... eee eee eene 


AGS 
AGS 


Backup AGS Alignment (Using AGS 
Backup AGS Alignment (Using AGS 
Docked Manual IMU Coarse Alignment 


Lunar Align (400+40000) ae ee ere 


Body~Axis 
Body-Axis 


Alignment 
Alignment 


ee ee 


IMU Orientation Determination Program (P51) 
IMU Realign Program (P52) ......ee-s 
Coarse Align .. 1... ees eevee 
Lunar Surface Alignment .......24... 
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Braking Phase Program (P63) With AGS Preparation for Orbit 


Cabin Atmosphere Filtering . ....... 2 ee ee eee 
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AGS Lunar Surface Gyro Calibration .... . . 
Camera Wedge, Installation of 16-MM Sequence . * . 
Caution & Warning Array Checkout . . .. 2.2. 2 2 ss se ee 


Basic Date 1 September 1970 Change Date 15 January 1971 


oe © © © © ew 
. 


Insertion 


(410+00000) . 


4.10-73 
. 4,.13-17 
» 4,13-11 
- 4,13-14 
. 5.3-2 
» 4.15-2 
- 4,13-13 
» 4.14-6 
» 4.14-5 
- 4.6-58 
- 4.6-46 
- 4.6-60 
. 4.13-50 
« 4,2-19 


Page *7¢ 


LMA790-3-LM 


APOLLO OPERATIONS HANDBOOK 


ALPHABETICAL INDEX (cont) 


CES 


Abnormal dynamics during MPS thrusting (malfunction procedure) ....... 
Abnormal vehicle dynamics (non-MPS) (malfunction procedure) ...... ++ 
AGS pulse or direct cmds abnormal (malfunction procedure)... 6... esses 


CES AC warn lt (malfunction procedure) ......-. 
CES DC warn lt (malfunction procedure) ...... 
ENG GMBL caut lt (malfunction procedure) .. 
ENG THRUST & CMD THRUST ind do not agree/off achadale 
LM drifts out of deadband (malfunction procedure) . . 
No MPS ignition at TIG = 0 (malfunction procedure) 
No MPS shutdown (malfunction procedure) .... . 
PGNS minimum impulse (V76) cmds abnormal (aalzunction 
PRE AMPS caut lt (malfunction procedure) ......- 
Premature MPS ignition (malfunction procedure) .. 
Prop cmds abnormal (malfunction procedure) ..... 
TTCA cmds abnormal (malfunction procedure) ..... 
Checklist Reference Codes (V50 N25) ......222. 
Circuit Breaker Activation . .... 2. 6. ss ee ee we 


COAS Lighting Check ... oe we . a3 
Coelliptic Sequence initiation (LGC P32, AEA 410+10000) 
Communications 


Cannot acquire phaselock (malfunction procedure) .. 
Communications Basic ... 2. 6 «© «© «© © © © we we ww 

Communications (Subsystem Management) ....... 

Connect to LM ECS & Communications ..... 
Disconnect From LM ECS & Communications .. . 
DSEA Check ... ee wig ee hey Te) Viele we ike cot Ios 
DUA Backup Voice Disable. at Mage Ces rie at G0) aX Corea a oe 
DUA Backup Voice Enable... . 1. + 2s ee we ee ee 
DUA Disable . . 2... 2 we ee ee ew we we ew wo eee 
DUA Enable .... 2. 2. 2 ee ee ee, est Ge es Sy ce 
Loss of ICS (malfunction procedure) oa Pia iol cast theo 6} 40 8 
Loss of S-band voice comm (malfunction procedure) . . 


oe ee 
. 
. 


(malfunction procedure) 


o 8 © © ee ew 


peocedure) nies ee 


eo © © © © © © © Be © oe 


o © © © © @ © 2 © # © 


Loss of VHF voice comm with CSM (malfunction procedure): oe rte a ete, 
Loss of voice comm with EVA (one man EVA) (malfunction procedure) sr he tee ee ee 
Low~Power S-Band Backup Voice, LBR Check With Steerable Antenna ....... 
MSFN reports loss of PCM. S-band voice OK. (malfunction procedure) .. . . 
One crewman has abnormal (unselected) hot mike (malfunction procedure) .. . 


Relay Mode: CSM Voice to MSFN... . «1 2+ © se © os 
Relay Mode: EVA (One-Man EVA) . . 2... 2. 2 ee eee 
Relay Mode: EVA (Two-Man EVA) .. 2... 2. 2 se eee 
S-Band Antenna Cooldown . . . 2. 2 6 6 © © © ew we ww 
S-Band Configuration for LOS .... +. + ee ee 
S-Band CWEA Enable ... 1 6 2 6 © © ws ew we we ew ww 
S-Band LBR Data Enable ...... + +22 se eee 
S-Band Operation in PIC Mode . 3: lar Jo 8s WP, we 
S BD RCVR caut lt (malfunction procedures ee ee = 
VHF Ranging Check . . 2. 1 6 2 es es ee we we wees 
VHF B Data Enable . . . 2. 2 6 0 we we © we we we ee we 
Connect to LM ECS, Crewman... . +... 2s - rw ce Ser se 
Connect to LM ECS & Communications ... . epee hiel ee 
Constant A Altitude (LGC P33, AEA 410+20000) a on a oe 
Consumables Check .... 2. 2. © 2 2 2 © © we ew ew 
Controls and Displays ... Pr 
Coolant Loop (HTS) Acvivation, Secondacy ae Me Se oes 
Cooling H20 Changeover, LM H20 (LCG) to PLSS H20.... 
Cooling H20 Changeover, PLSS H20 to LM H20 (LCG) .... 
Crash Bar Deployment . .... 2. 2. ee © wpe ee we ww 
Crash Bar, Stow . . - 6 © « © © ee © we ew we wwe we ww 
Crash Bar, Unstow . 2... 1 e ee ee we te ew eww we 
Crew-Defined Maneuver Routine (R62) .......2426-. 
CSM Backup . 0 6 1 6 0 ee ee ow we ee ew eee ee ee 


o 8 © © © © © © we 8 


o © © © © © © 


o © © © © © © © & 6 


Basic Date 1 September 1970 Change Date 15 January 1971 


ot 
aw 


1 


No 


144 
On 


1otat ao: ait 
CeConmwoaoonnornre 


Spe Re eee Ro eo Oe Woe be tote te 
NR RRR RRO NR NN ENN ND Pe 


SFHrerfuNrunuwuuUNUUNuUNuUuMUNuUU 
eo 8 © © © © © © © © 8 ee ee lel 


PFeeeeee ame 
ae nae : 
NORE RRP RRP 

w 

1 

ua 

° 


LMA790-3-LM 
APOLLO OPERATIONS HANDBOOK 


ALPHABETICAL INDEX (cont) 


CSM Coelliptic Sequence Initiation Targeting Program (P72) 
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DC BUS warn lt (STAGED) ....... 
DC BUS warn lt (UNSTAGED) ...... 
INVERTER caut lt .... +. ee we «© © 
VOLTS - low... . ees a Se cons 


Environmental Control Subsysten ase a, ey-te 


Explosive Devices ..... +... 
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CABIN press ~ high ..... 
CABIN PRESS - low or decr . . . 
CABIN warn lt... 2. 2+ 2+ + s+ se 
CO2 lt 2. 2 2 we ew ew ew 

ECS caut lt... oe eee 

GLYCOL caut lt . . . 1. 2 2 se es we 
GLYCOL comp lt ... ee we oe 
GLYCOL press - low or decr oe ewe 
GLYCOL temp - high or incr ..... 
H20 QUANTITY - low or decr abnormally 
H20 SEP lt . 2. 2. 2 2 © © © ww wwe 
02 QTY caut lt .... oe we we 
02 QUANTITY - low or dees i by es 
PART PRESS C02 - high. .....- 
SUIT FAN lt ee ee ee ee ee ee 
SUIT/FAN warn le .. 2. ems 
SUIT PRESS - high (egress mode) Sita 
SUIT PRESS - low ....-.- es . 
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Guidance & Control Flight Displays . 


2. 2 © © 


AGS att error nonzero when it should be zero . 
be nonzero . 


AGS att error zero when it should 
FDAI att error abnormal ..... 
FDAI OFF flag appears ...... 
FDAI total att abnormal ..... 
Rate display abnormal ...... 
Rate gyro test fails ...... 
RNG/RNG RT pwr/sig fail le... 
Heaters . . 2. 2. 2 6 © © © © © we ww 
HEATER caut lt .... «+ eee 
LR temp abnormal .......- 
RCS quad 1 (2, 3, 4) temp abnormal 
RR temp abnormal .....-.+.- 
S-band antenna temp abnormal .. 
Primary Guidance & Navigation Section 
ALT, Dt 2 eile es “eso ad el ced le See So He 
GIMBAL LOCK lt . 2... «© ee ee 
ISS warn lt . 2... 2 we ws we ww 
LGC test . . 1. «© «© © © ew we ew ww 
LGC warn lt . 2. 1. «6 2» © © © ww 
NO TRACK lt... 1 2 2 ee we ow 
RESTART lt .. 2... e+ © we we ee 
RNDZ RDR caut lt .... sees 
TEMP 2G. cs. est eee, Sew es 
TRACKER lt .. 2... + ee eo e 
VEL lt 2... ee eee see wove 
Reaction Control Section .....-. 
He press low or decr .....- 
PQMD abnormal . .....-+.e-s 
RCS A (B) REG warn lt... . ss 
RCS caut lt... 2. 2. 2 ee we ee 
RCS press or temp abnormal ... 
RCS TCA warn lt . 2... ss © © 
TB abnormal (QUAD) ......-. 
TB abnormal (MAIN SOV, CRSFD, ASC 
MESA Operation . . . 6 © «© © © © we we oe 
MESA Equipment Handling and Transfer 
MESA Exterior Blanket Removal ... . 
MESA Height Adjustment ....... 
MESA Manual Deployment ...... . 
MESA Remote Deployment ...... - 
SRC Removal . . 1... 2 © © © © we eo 
TV Camera Deployment .....+ + es 
Mission Timer, Set . . . . «© + «© » © © 
Mode I Attitude Error Display ..... 
Mode II Attitude Error Display ..... 
MPS Basic (Staged) . .... + «sees 
MPS Basic (Unstaged) ..... ++ sss 


Navigation . . 2. 6. 6 © «© © ee we we ew 
Navigation, LM Rendezvous .... +. >. 
Navigation, Lunar Surface .......-. 
Navigation, Orbital .....-+-++ee-s. 
Noun List .. 6 « «© «© © © © © © ww ow 
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PGNCS 
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IMU Power-Up (LGC Off) ..... aera! Bi Gel wes ee Waele ae De Ne ALR SO Oe Se Cee 4.6-4 
IMU Power-Up (LGC SnSEastte? ot fe) wate cee, Gn, EE See Geel a a ee ee es KS 4.6-4 
Increment LGC Time .. 6 BE ae SE eet les SE ee ewe le we a . 4.6-32 
Initialize Erasable Dump Via Downlink . 2. 6. 2 ee ee ee we we we we we ew 4.6-32 
Input ARLS For Pinpoint Landing . . 2-1 6 ee ee ee ee ee ee te ee 4.6-41 
Interrupt Integration ......- GS Say Sony 8: és opah Bo cer die: (ange Pr WP wei A Gy ee Wer ere 4.6-38 
LGC/CMC Clock Synchronization Routine (R33) BBs BS se EE ata) SOS 8 tay gy “St ie me 4.6-20 
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Mode I Attitude Error Display .... . «+ «© © © © ee oe we we ee oo ew ee 4.6-38 
Mode II Attitude Error Display .... 6 2 «© «© © © © se ee ee we ewe ee 4.6-38 
Move This Vehicle State Vector to Other State Vector . . . «© « © + + «© + © «© «© 4.6-39 
ORDEAL Initialization . . 1. 6 2 ee ee we ew we we ee we eww we ew ee 4.6-33 
PGNCS/AGS . . . 6. «© es ee ee wwe eee ew ww ree ee ee wwe hw we 4.7-2 
PGNCS/AGS Align... 2 0 we ee ee ee eee ew ew we eee he ee 4.9-17 
PGNCS (Alignment)... . os Seimieca tkOS en le ae oer? oes Bo Bike ces Pe SD ence, Sar cg AIR Z 
PGNCS Attitude Hold/Rate Conmand ae Re ath HOS SO SE OY Ob Ned et BN OO OEe: Sae We Ss, vs 4.5-4 
PGNCS Attitude Rate/Error Display... 1. 6 eee eee ee ee ee ew ew ee 4532 
PGNCS Automatic . . 2. 1. 2 0 we ee ew ew we ee ew we ew ew we ww wee wee 4.5-3 
PGNCS Lunar Surface Align Program (P57)... ee ee et ee ee ee ee we 49-22 
PGNCS Minimum Impulse . . 2. 2. 1 2 «© 6 2 © © ee ew oe we we we ew ee jee ae 4.5-5 
PGNCS (Prethrust) .... a ee ee ee ee ee ee ee | 4.7-32 
PGNCS Total Attitude Display Bre ap. 0 Ley, Say ter ee Sayed Aeron Ae Beer el Le Fey oles 4.5-30 
PGNS .... « * ee ae ee ele ee 6 A 4.6-3 
PIPA Bias Measurement & Loading oe we Pa eae eer ae a Se Se To 4.6-21 
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Rendezvous Final Attitude Routine (R63) .......-. 
Rendezvous Parameter Display Routine (R31) ...... 
Restart . 2. 1. 2 6 6 © © © © © eo we we ww ww we wl 
RR CDU Zero .... . we oe Cees ew ee 
S-Band Antenna Routine (ROS) eae eo iat, weet eye: wales Swe a 
Show Banksum . . 2. 1 6 ee ee we te wt th we ew 
W-Matrix Error Display ....... 5 «ee ee eee 
PIPA Bias Measurement & Loading .....-+ +s. -e 2 eee 
PLSS 
Cooling H20 Changeover, LM H20 (LCG) to PLSS H20 ... 
Cooling H20 Changeover, PLSS H20 to LM H20 (LCG) ... 
PLSS/EVCS Electrical Checkout, One-Man EVA ...... 
PLSS/EVCS Electrical Checkout, Two-Man EVA ...... 
PLSS Recharge . . 2. 2 1 6 2 6 ee © we we ew ee we ww 


Feedwater Reservoir and Auxiliary Tank Recharge, Gravity Environment . 


Oxygen Recharge... . ae “eee te? fae aes ak Rae Gas 
Vacuum Changeover - PLSS to LM ss ees wt oe Be oes eA 
Post-EVA Final Subsystems Configuration ......... 


Powered Ascent... . 7 7 * ry 
Powered Ascent pronran (P12) With AGS Follonin/ Ta Conero’ 
Powered Descent... . ewe et sla, ~7at* or heey Wey coh eS ane 


Power Transfer, LM-to-csit (Unstaged) a od fess oh ap, We SP ae Sen SE 
Preferred Tracking Attitude Program (P25) .....-.2-.-. 
Prelaunch Closeout Check . . . 2... 2 ee ee ee ween 
Prethrust ..... Werle lags Go 18 Tooele ee tot at aay ee) Shoes 
Primary Glycol Loop Activation Boley cal See SEA es ads a Yat see tee es 
Primary Sublimator Activation ..... 2. + 2 + ee ewe 
Propulsion (Subsystem Management) ......+..+ +066 


Radars. es Soe) eo eS ew ee ee te ais 
Command Landing Radar to Position 2.......6+e+-. 
Landing Radar Checkout .. . 2. 1. 2 2. es ee we we ee ee 
Landing Radar Power-Up . 2... 2 1 ee ee we ee woe 
Landing Radar Spurious Test Routine (R77) ......-. 
Radar Signal Strength Display . ..... + + +e ee ee 
Rendezvous Radar Coarse Align... . 2... 2 ee eee 
Rendezvous Radar Continuous Designate, Terminate ... 
Rendezvous Radar Initial Activation & Checkout .... 
Rendezvous Radar LM State Vector Update, AGS Manual . . 
Rendezvous Radar Manual Designation to Mode II ... 


Rendezvous Radar Manual Side-Lobe Acquisition Check & Main-Lobe 


Verification . 2... 6 ee 6 es we we we we wee 


Rendezvous Radar Power-Up ..... oes Owe See 
RR Azimuth Rate/Elevation Rate Display aoc TOS Mabie ee es 
RR CDU Zero... . oe . . . re eee 


RR LOS Azimuth and Elevation iiispiay (v85)_ ae eer ae eee 

RR Shaft Angle/Trunnion Angle Display ........-. 
Range/Range Rate Display... .. 1.1. 2. 2 ee eee eee 
Rate Gyro Check .. 2... 2. 2 6 6 ee wee Be Mars Oe hial SO 
Rate of Descent Controller/LGC Interface Check i. ie: ola Woe hat, Oo 
RCS Burn for Lunar Impact (Unmanned Ascent Stage) ... . 
RCS Hot/Cold Firing Check .. 2... 1 es. ee ewe eee 
RCS Peridoic Monitoring .... 2. 2 6 2. 2 ee ee we ew ew 
RCS Pressurization . 2... 2 6 2 2 ee ee ee ee we we 
RCS Primary Coil Enable ........ 2. 2. ee we ee ee 
RCS Staging ....... . . eee . . rs 
RCS Thrust Program (P41) with AGS Followip/in Control ork 
RCS Translation . . . 2. 1 © © © © © ew we we wo ew we ww ew we 
Relay Mode: CSM Voice to MSFN .. 2... 2 2 ee ee eee 
Relay Mode: EVA (One-Man EVA) . 2... 2. 5 ee ee eee 
Relay Mode: EVA (Two-Man EVA) .. 2.2... 2. 2 eee eee 
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Rendezvous Final Attitude Routine (R63) ..... 
Rendezvous Navigation, LM ex cg Fea'y es" er ae ee 
Rendezvous Navigation Program (P20), iM a ee 
Rendezvous Out-of-Plane Display Routine (R36) . . 
Rendezvous Parameter Display Routine (R31)... . 
Restart . 2. 1. 6 © © ee we wwe re ee 
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S-Band Activation & Checkout, Using Omni Antenna . 
S-Band Antenna Cooldown . 2. . 1. 6 © © © © we eo oe 
S-Band Antenna Routine (RO5) . ... 2. «ee ee © 
S-Band Backup Voice & Keying Check . .... 2... 
S-Band Configuration for LOS . . 2... 26 6 es es « » 
S-Band CWEA Enable . . . 2. 2 6 «© 2 © © se ee we ow 
S-Band FM Check . . 2. 6 6 6 © © © © © © we wee 
S-Band LBR Data Enable . . . 2. 1. 6 + © © © se ew 
S-Band Ranging, Voice, and Telementry Check .. . 
S-Band Steerable Antenna Activation and Checkout . 


ee e @ 


Secondary S-Band Transceiver & Power Amplifier Check... 


Set Mission Timer . . . 2. « © © © © © © © © © @ 
Shades, Deploy . . . 2. 2. 6 6 6 «© © © © ee wwe 
Shades, Stow . . 6. 1 2 se ee we ew we ewe we wwe 
Show Banksum . . 2. 6. 6 ee te ee ee ee eee 
Sleep Station .... ad ee whet ete. Te Se! se lee ile: 
Sleep Station, Deploy anatase MB Tacha Bate 28 
Sleep Station, Stow... 2 6 ee 6 ee ee 
SRC Removal ... 2.2. 2 6 ee ee ee we woe es 
Staging .. gee eee! fat we ee eRe es aE Sw See 
Star/Planet List siete se: 3 . : é 


State Vector, Move This Vehicle State Vector to Other .. 


Sublimator Activation, Primary ..... 
Sublimator Dryout . . 2. 6 6 2 6 se ee ee we ew oe 
Sublimator Dryout, Preparation for... . 

Subsystem Activation ..... - ooo eee 
Subsystem Configuration for EVA Preparation Pare 
Subsystem Deactivation . . . . 2... 2. 6 se we oe 
Subsystem Deactivation, Final . ..... 2+ ee 


oe © ee 


ee ee 


Subsystem Management . . . 6 e+ 6+ © © © ee ew we 


Suit Fan Activation, Checkout, and Water Separator 
SUIT ISOL Valve Check .... iat wae 
Symbols and Abbreviations, Definitions of o #2 
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Target AV Program (P76) . . - «e+ + 2 ee eee 
Thrust Beige we er Wee ae, tah gh at SR etc 8 So te eB 
Thrust Display .. . Pee ee ee ee 
Thrust Monitor Progr ara (P47) Pre ee er ee 
Thrust, Orbital ..... . oe 
Timer Electroluminescent (EL) Numeric "Check See 
Torque Gyros... oe eee 

Transfer Phase Initiation (LGC P34, AEA 410+30000, 
Transfer Phase Midcourse (LGC P35, AEA 410+40000) 
Transfer to CSM, Crewman Vacuum, . .. +. « «+ «+ + 
Transfer to CSM, Intravehicular ......-. see 
Transfer to LM (Second Crewman), Intravehicular . 
Transfer to LM, Initial Intravehicular ...... 
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Transfer Umbilical, Crewman Disconnect .......-++2-s 
Transfer, Using OPS, Emergency . ..... 2 2 ee ee eee 
Translation Control Modes . . 2... 2. 2 2 ee ee ee eee 
Tunnel Pressure Equalization From IM. .......4..2-6-. 
Tunnel Pressurization From LM, Using LM Consumables .... 
Tunnel Pressurization From LM, Without Using LM Consumables 
TV Camera Deployment . . .. . 1... 7 ee ee ee te ew we 
TV Camera Operation . . 1. 1 1 1 ee ee ee et wt te ee 


Undocking From CSM, LM... .. ee ee ew ew ew we ws 
Urine Collection Assembly, Transfer Urine to Small ..... 
Utility Lights Activation & Checkout .........6.2468-s 


Vacuum Brush Operation... @ Boe we ee es Werke el ete ee 

Vacuum Changeover - PLSS to LM 6. FEN GAs 4 By fe sey Sot Zepryer et ein 

Verbs 
Verb List) .é- 2 ek, Goer aoe ke Ge ee we a Se OS eee 
V40 - Zero CDU (N20) . 1... 1 ew ew we te we et tt we te ew 
V40 - Zero CDU (N72) ... 2: Dh as hey d at SS sh pte Mew vee Vets 
V41 - Coarse-Align CDU (820) GS eiatn iain lang von oe Series Gece cos ar “as Be 
V41 - Coarse-Align CDU (N72) .......-0. 0202 eee 
V42 - Fine-Align IMU ... On elise Tet es Ae hw ae Ga xe pace ee os 
V43 - Load FDAI Error Needles Bin ee es oe OE Se fat eens, tec. ete 
V44 - Terminate RR Continuous Designate ......... 
V47 - Initialize AGS (R47) ..... ee a areves esa Sere Ye 
V48 - Start DAP Data Load Routine (R03) woe fee BS Ge ae 
V49 - Start Crew-Defined Maneuver (R62) ......2... 
V55 - Increment LGC Time ... 1... 2 ee ewe eens 
V59 - Command LR to Position 2 .........0e8806 
V6l - Display DAP Attitude Error .........246+. 
V62 - Display Total Attitude Error .........e... 
V63 - RR/LR Self-Test (RO4) .... Pe ae ee ee 
Vo4 - Start S-Band Antenna Routine (ROS) Be waren Jeneeth sce eee 


V66 - Vehicles Attached: Move This Vehicle State Vector to Other Vehicle 


V67 - W-Matrix RMS Error Display ........2..2.e0.8 
v6o9 ~ Restart... . #3, TB, Gees ey fee ton ee. Mae Let Taine 
V70 - Update Liftoff Time os eit dal kM. Beer sy gt cet aes. Otten 
V71 - Universal Update, Block Address .......... 
V72 - Universal Update, Single Address ......... 
V73 - Update LGC Time. .... BS ed jae IO event Leah et eres 
V74 - Initialize Erasable Dump aa Downlink. ...... 
V78 - Start LR Spurious Return Test (R77) ........ 
V79 - Stop LR Spurious Return Test (R77) ......e- 
V82 - Request Orbit Parameter Display (R30) . ates. fatal ke 
V83 - Request Rendezvous Parameter Display (R31) Sree ete 
V89 - Start Rendezvous Final Attitude Maneuver (R63) .. 
V90 - Request Rendezvous Out-of-Plane Display (R36)... 
V91 - Show Banksum ....... ee 8 is ay ee 8 ae 
V93 - Enable W-Matrix Inittaldzation A ae ee 
V96 - Interrupt Integration and go to POO. ....... 
VHF Activation & Checkout ... 1... 2. ee ee ee eee 
VHF B Data Enable . . 1... ee ew eee ee ee wens 
VHF B Simplex Check . 2... 21 1 ee ee ee ee we wee 
VHF Ranging Check . 2... 1 1 ew eww eee eee wees 
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Waste Management . ..-. + «+ « . ee ee eee 08. 
Defecation Disposal Chlteraacive Mode) ben egsei a: 408.40) Me: cee ve 28 
Defecation Disposal (Prime Mode) .. 26s + e+ + ee ee es 
Emesis Disposal... 2-2 + 2+ 2 2 eee ee is einkes eto 
Transfer Urine to D/S Waste Container (alternative Mode) . 
Transfer Urine to D/S Waste Container (Prime Mode) ...- .- 
Transfer Urine to Small Urine Collection Assembly .... - 
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